






























































22 FRAGISCUTUM GLEBALIS

Text-figure 3. Variation in the tubercle pattern on

the glabella of Fragiscutum glebalis, new species. Tu-

bercles numbered according to Tripp (1957). Note

that alternative interpretations could be given for

some tubercles; e.g., in figure D, row iv could be read

as 1, 0 rather than (2), 1. No tubercles shown in
front of facial suture.

jecting glabella; axial furrows deep and broad;
width of occipital ring ca. 0.35 of maximum ceph-
alic width; glabella tapering rapidly in front of
occipital ring, narrowest at lobe 1p, and expanding
to a well-rounded anterior; ratio of width at oc-
cipital ring/width at lobe 1p/maximum widtch ca.
11:6:15; occipital ring short (exsag.) behind the
apodemes, expanding to double this length medi-
ally; furrows 1p deeply indenting the glabella and
running into the occipital furrow, thus isolating
a minute lobe 1p; furrow 2p complete, forming
deep indentations laterally; lobe 2p with four tu-
bercles, sometimes compound; furrows 3p and 4p
indenting the glabellar margin; anterior pit deep;
true preglabellar furrow weak; false preglabellar
furrow close to the anterior border and also weak;
basic tubercle formula for glabella, IT - (0%), (1),
2511 - (0); X - 1, 3; iv - (0%), (1), (2); IV -
(0),1, (2),3;v-(0); V-1,(2),(3); VI-1,
2; palpebral lobe semielliptical in dorsal view, rising
up almost vertically from the axial furrow in front
and from the platform of the fixed cheek at the
back; tips of palpebral lobes bent over almost to
the horizontal, and bearing a pronounced pit; eye
and palpebral lobe form a hemisphere on a slight
socle, but not pedunculate; lateral and posterior
border furrows deep, but both shallow toward the
genal angle; cheek platform inside border furrows
high and bearing a few coarse irregularly arranged
tubercles; tubercle ring broken at the anterior of
the palpebral lobe; posterior border short (exsag.)
from axis to fulcrum, expanding slightly laterally

to a small blunt fixigenal spine; lateral border
steep, only gently convex; tubercles present only
on genal extremities of posterior border, but broad,
low tubercles present around entire lateral border.
Facial suture with @ just inside genal angle, run-
ning straight forward on the border for a short
distance, then swinging in abruptly; € broadly
rounded; & lateral to an exsagittal line through
the widest part of the glabella. Rostral plate broad-
est at anterior margin and tapering slightly and
irregularly toward the hypostomal suture; almost
twice as high as wide. Ventral edge of border nar-
row but in many cases bearing a shallow vincular
furrow laterally; doublure vertical.

Tubercles on the glabella with as many as five
perforations (usually one to three); other cephalic
tubercles also probably perforate but in most cases
not clearly so; lateral borders, region in front of
pseudo-preglabellar furrow, and tubercles on gla-
bella in front of palpebral lobes, covered with fine
granules. Hypostome as wide as long and extending
back beyond the posterior edge of the cephalon;
central body large, rhombic in outline and approx-
imately three-fourths the total length of the hypo-
stome; median lobe relatively narrow, not sharply
separated from surrounding area by abrupt changes
in slope or by furrows, and stopping well short of
the anterior margin; macula small, smooth, faintly
swollen; anterior border slightly thickened and
turned ventrally; anterior border furrow narrow
and sharp; lateral border narrow, and lateral bor-
der furrow deep and slightly overhung by the
median body; posterior border approximately one-
fifth the total length of the hypostome, and tend-
ing to be slightly pointed posteriorly; posterior
border furrow not as deep as lateral furrow, not
incised; anterior wings situated just forward of
the midlength, their detail not preserved; posterior
wings not well preserved but prominent; lateral
doublure narrow; posterior doublure stops short
of median body; median body and posterior border
covered with fine granules.

Ten segments in thorax; shape and structure of
segments as in F. rbytium Whittington and Camp-
bell, except for slightly shorter pleural spines;
surface apparently smooth, but slightly weathered
specimens with as many- as forty perforations ar-
ranged in an irregular row along the crest of the
posterior band on each segment.

Pygidium with 13 to 14 rings and 6 to 7 pleu-
rae; more or less triangular in outline; width/
length/height ratios are approximately 20:12:9;
no mucro present—posterior end bluntly rounded;
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first two rings continuous across the axis in all
specimens, but as many as five in some; deep
apodemal pits present on the anterior segments,
situated well in from the axial furrow; posteriorly
pits become shallow; median tubercles weak and
number from three to seven; most common ar-
rangement is four tubercles, one on each of rings
2, 5, 8, 11 (numbering from anterior); articu-
lating half ring almost as long as remainder of first
segment; first pair of pleurae tending to be flat-
tened toward the axis in anterior profile, but
curving over and dropping almost vertically on
the flanks; the inner flattened zone diminishes
rapidly posteriorly, and the more posterior seg-
ments curve steeply downward from the axis; in
lateral profile anterior segments deflected slightly
backward, but the degree of deflection increases
gradually toward the rear; first two or three pairs
of pleurae with differentiated posterior and ante-
rior bands; on the first pair the flattened anterior
bands, which form an articulatory surface, are on-
ly one-third to one-fifth of the length of the well-
rounded posterior band; beyond the fulcrum, how-
ever, a broad anterior articulatory facet formed,
separated from the posterior band by a sharp edge;
on this facet, slightly forward of its midline, a
distinct furrow which is a continuation of the
furrow between the two bands further toward the
axis; second and later pleural lobes well rounded,
but with a steep posterior slope and a more gentle
anterior one; interpleural furrows usually not dis-
tinguishable, but present as a subtle break in slope
on the steep posterior slope of the posterior bands
of the first few pleurae; pleural furrows deep and
continued to the margin where the most anterior
one is deeply incised, the degree of incision de-
creasing posteriorly; posterior pleural lobes form-
ing sharp-edged flattened projections around the
margins, but becoming less pronounced posteriorly
and disappearing at the fifth lobe; no parfora-
tions have been detected in them; inside these pro-
jections a narrow smooth, granulated area present,
more or less uniform in width except for a deep
well-rounded indentation for the reception of the
exterior bulge of the hypostome at the posterior
end; inner edge of this granulated area projecting
downward to form a pronounced rim; narrow
smooth doublure bent back from this at more than
90°. Lateral parts of axial rings and crests of
posterior pleural bands smooth or with almost
indistinguishable eminences; irregular row of per-

forations along crest—five or six on each side of

the anterior axial ring, and eight to ten on each
anterior pleura.

Remarks.—The notation system originated by
Tripp (1957, 1962) has been used for summa-
rizing the tubercle system of the glabella. Seven
specimens are well enough preserved to be used
for this purpose. It is notable that no tubercles of
rows I or ii are present in any specimen. The ar-
rangement in row II is variable. In some individ-
uals there is a single large tubercle on either side;
in others there are two. Where a single tubercle is
present, it may be double headed, indicating fu-
sion. Tubercles 0% are variably developed. Atten-

tion is drawn to the point that I1-0  should not

be mistaken for 1-0 as the furrow 1p clearly joins
the occipital ring behind it. Row III is constant.
In front of row IV it is difficult to distinguish
any definite pattern on four of the seven speci-
mens, and the formula given in the description
should not be taken as typical.

Not all the glabellar tubercles carry a single
perforation; some have two or three or rarely as
many as five. Possibly the structures described as
perforations on the thorax and pygidium do not
reach the surface. They are best seen in worn indi-
viduals, and the size of the hole in the exoskeleton
increases with the depth of wear. They are thus
conical structures with upward-directed apices.
The material is not well enough preserved to de-
cide whether or not they penetrate the surface,
but, if they do, the apertures are less than 0.0
mm in diameter.

Fragiscutum glebalis differs from F. rhytium,
the only other known member of the genus, in
having no tubercles between the palpebral lobe
and the axial furrow, fewer and smaller tubercles
in row IV and in the glabellar area in front of it,
less distinct tubercles on the anterior and lateral
borders, a relatively narrower posterior section of
the glabella, wider axial furrows on the cephalon,
less marked incisions on the hypostome around the
anterior lobe, which extends further forward, and
fewer pygidial pleurae.

The only described American species with which
it could be confused (and then only with dissoci-
ated material) is Encrinurus tuberculifrons Weller.
That species, however, has more numerous and
smaller cephalic tubercles, a wider glabella poste-
riorly, tubercles between the palpebral lobe and
axial furrow, and smaller eyes. The pygidia of the
two species are more similar, but critical details
are lacking. The thorax is unknown.
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Family CALYMENIDAE Milne-Edwards,
1840

Genus Calymene Brongniart, 1822

Type species—Calymene blumenbachi Brong-
niart, from the Wenlock Limestone of Dudley,
England.

Remarks.—Calymene is here interpreted in the
sense of Shirley (1936, p. 395). It thus contains
a large number of species exhibiting a wide mor-
phological range and covering the entire Silurian
and the Lower and part of the Middle Devonian. 1t
is possible to recognize species groups based upon
certain characters within this complex, but the
composition of the groups changes considerably
according to the character or characters used; and
no character, or group of characters, indicating
lines of descent has yet been discriminated. A fur-
ther difficulty is that insufficient morphological
detail is available for many overseas species. It is
suggested that, provided an adequate stratigraphic
and geographic control is exercised, groupings
within the genus (as at present understood) might
best be sorted out by using the methods of numer-
ical taxonomy (Sokal and Sneath, 1963).

Calymene clavicula, new species
PL 9, figs. 1-13; pl. 10, figs. 1-15;
pl. 11, figs. 1-8; text-figs. 4, §
T'ypes.—Holotype USNM 153142 and paratypes
USNM 153139-41, USNM 153143-44, and OU
5613-A, from near C sec. 4, T. 2 N., R. 6 E.;
paratypes OU 5614, OU 5617, and OU 5619,
from NW1; SW1, sec. 4, T.2 N, R. 6 E. (Ams-

den’s section P1); paratype OU 5616, from road- .

side near C W line NW14 sec. 30, T. 3 N., R.
6 E.; all Pontotoc County. Paratype OU 5618,
from SEV, sec. 30, T. 2 S, R. 1 E. (Amsden’s
section Cal (1), 1960), Carter County.

Other material—Approximately 200 specimens
from the holotype locality are in the collections
of the U. S. National Museum and The University
of Oklahoma. In addition to small quantities from
the paratype localities, a few specimens have come
from NW1, NW1, sec. 5, T. 2 N., R. 6 E., and
NWLY, NW sec. 33, T. 3 N,, R. 6 E., Pontotoc
County.

The species also occurs in the Brownsport For-
mation in Tennessee. Specimen YPM 24877-79 is
from near Linden, Perry County; USNM 158027
is from 70 feet above road in shaley bed on Indian
Creek, 19 miles southeast of bridge over Indian

Creek on road to Martins Mills; USNM 158028
is from road cut on south side of U. S. Highway
70, 0.4 mile east of Harpeth River bridge.

Description.~——Cephalon 3.6 to 3.9 times wider
than long; anterior outline evenly rounded; poste-
rior outline not straight but flexed backward
slightly lateral to the fulcral points; glabella bell-
shaped with its sides tending to be subparallel in
front of furrows 2p, and its anterior outline not
evenly rounded but slightly flattened; widest part
of glabella at, or slightly behind, lobes 1p; length/
width ratio of glabella (including occipital ring)
1.1:1.2. Axial furrows deep and steep-sided; in
front of furrows 3p axial furrows of uniform
width, but expand moderately at the border fur-
row; near lobe 1p axial furrows narrow and shal-
lower than farther forward; occipital furrow
longest (sag.) medially, becoming narrower lat-
erally; glabellar furrow 1p deeply incised, directed
backward and inward overall, its axial end bifid,
with the main (posterior) branch flexed to lie at
right angles to the median line, and the weak
anterior branch directed forward and inward;
“width” (exsag.) of the main furrow decreasing
only slightly over its whole course; furrow 2p
“narrow” (exsag.), directed inward and back-
ward, and carried over in a weak depression to
join the anterior branch of 1p, thus semi-isolating
glabellar lobe 2p; furrow 3p lightly impressed, and
directed upward or slightly forward; anterior pits
shallow; occipital ring longest (sag.) medially,
becoming rapidly shorter behind 1p, and then
lengthening slightly again near the axial furrows;
lobe 1p not distinctively shaped; lobe 2p crosses
axial furrow with a buttress. Palpebral lobes situ-
ated opposite lobes 2p and almost flat or directed
upward at a low angle; viewed anteriorly lobes on
a slightly lower level than 2p, At axial furrow,
posterior border approximately half the length of
occipital ring, maintaining this length to fulcrum,
then rapidly lengthening for about the same dis-
tance, and finally becoming more or less parallel-
sided near the facial suture; posterior border fur-
row deep, asymmetrical in longitudinal section,
with the anterior slope gentle, and the posterior
slope almost vertical (or even slightly overhang-
ing) over much of its length, but becoming gen-
tler laterally; furrow pinches out sharply near the
facial suture, Facial suture with @ in the genal
angle; w-€ with a sharp flexure at the border
furrow and a broad arc from there to €; only a
slight curve at 7, but a subangular curve at 8
and .

Visual surface of eye not preserved, but must
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Text-figure 4.
x5.2, of Calymene clavicula, new species, showing dor-

Reconstruction of the rostral plate,

sal and posterior aspects. bord. sec. = border sector;
c.s. = connective suture; doub. sec. = doublure sector;
h.s. = hypostomal suture; p = perforations; r.s.

= rostral suture.

have been steep, and crescentic in shape; narrow
but prominent and distinctly convex socle below
visual surface; cheeks strongly convex between
socle and the deep V-shaped border furrow; fur-
row fading away abruptly approaching the facial
suture back and front; border roll strongly rounded
in profile near the genal angle, and progressively
less rounded toward the front.

Rostral plate (as is normal for calymenids)
divided into an outer sector forming part of the
border roll, herein called the border sector, and
an inner sector forming part of the doublure,
herein called the doublure sector (Evitt and Whit-
tingten, 1953, p. 49-50); border surface gently
convex in section (sag.), with its anterior edge
forming an arc with a radius of ca. 12 mm, and
its inner edge an arc of ca. 3-mm radius on a ros-
tral plate 11 mm wide; ratio of length of chord
of outer arc to chord of inner arc about 2:1; con-
nective sutures slightly convex outward and
strongly convergent in their course across the
border sector, slightly divergent across the inner
part of the doublure sector, and then convergent
again toward the hypostomal suture; connective
suture cuts vertically through the exoskeleton near
the outer edge of the border sector, but becomes
inclined inward and upward toward the doublure,
almost vertical on the inner doublure, and inclined
inward and upward toward the hypostomal suture;
junction of the two rostral sectors angular and
marked by a slight ridge; doublure sector with a
steeply inclined posterior portion and a flatter
anterior portion, which has a thin inner edge

Text-figure 5. Longitudinal profile of the glabella,
x4.0, of Calymene clavicula, new species.

turned up to the hypostomal suture. Doublure of
free cheeks steep, slightly concave and sharply
flexed near the genal angles to receive the first
thoracic pleura during enrollment (pl. 10, figs.
12-15) ; doublure of fixed cheeks downturned and
with a strong articulating groove between the
axial furrow and the fulcrum, but continuously
expanding in length (exsag.) from the fulcrum
to the facial suture.

Ornament on the glabella (except the occipital
ring) and cheeks inside the border furrows (ex-
cept the palpebral lobes) of pustules of various
sizes up to 24 mm in diameter; no regular pattern
in the arrangement of pustules of any size ob-
served, apart from a general decrease in pustule
size into the axial furrow and all the border fur-
rows, which are smooth; posterior border between
the axial furrow and fulcrum with pustules of
medium size along its anterior slope and on its
crest near the axial furrow, but lateral to the ful-
crum with pustules similar to those on the cranid-
ium, except on the almost-smooth posterior face;
inner part of border roll with closely spaced pus-
tules of medium size and circular outline, but
outer part (including rostral plate) with pustules
more elongate and crescentic in outline (progres-
sively more elongate toward the genal angles),
and with their dorsal edges sharp and steeply
sloping, and their ventral faces flattened and gen-
tly sloping; doublure apparently smooth.

Hypostome of usual calymenid pattern (see
Evitt and Whittington, 1953, p. §0-52); anterior
border sharply flexed ventrally; anterior edge
markedly embayed along the hypostomal suture;
anterior wings deeply concave, and with a pro-
nounced pit; lateral border furrow deep and fading
away rapidly behind the posterior wings, but more
sharply rounded behind them; median body evenly
convex (tr.) anteriorly and posteriorly, but bear-
ing a stout hollow spine medially; posterior border
furrow shallow but sharp, and posterior border
flattened and projecting into two prominent
spines; median furrow faint, and running from
a point on the lateral border furrow opposite the
middle of the spine to a pair of large ovate maculae
just behind the spine; doublure consisting only of
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a turned-down edge between the anterior and
posterior wings, but behind the posterior wings
consisting of a broad flap covering the posterior
spines, and a narrow strip between; ornament
much less pronounced than on dorsal surface of
test; granules occur all over the borders, and on
the central body, apart from the maculae, the
median spine, and a pair of ovate areas antero-
lateral to the spine.

Thoracic rings highly arched, with slight swell-
ings and slight forward flexure at each end; crests
of rings also highly arched in lateral profile with
a steep posterior slope throughout, but with a
gentle anterior slope on the anterior rings becom-
ing progressively steeper on posterior ones; articu-
lating furrow deep, U-shaped, of uniform length
(sag. and exsag.), and flexed slightly forward into
the apodemes; articulating half ring a little shorter
than the remainder of the segment, and flatter in
profile. Posterior band of pleurae high, well
rounded in section but with the posterior slope
slightly steeper than the anterior, maintaining its
width well beyond the fulcrum, and then gradu-
ally tapering to form a narrow bounding ridge
around the end of the pleura; this bounding ridge
not present on first segment, slight on second, and
fully developed on fourth or fifth segments, this
being the consequence of the greater degree of
overlap of the more anterior segments during en-
rollment; anterior band much lower than posterior
band and only two-thirds its length (exsag.), with
a steep posterior slope and a gentle anterior run-
ning on to a narrow flat articulating edge; lateral
to fulcrum anterior band facetted; pleural furrow
well rounded in section, lateral to fulcrum rapidly
diminishing and flexed faintly backward; on
reaching facet flexed slightly forward, and then
backward again near its tip. Outlines of pleural
facets differ with position in thorax; anterior facet
with an evenly curved posterior edge, and with
a small panderian notch; subsequent segments with
progressively straighter posterior edges and sharper
curvature on posteroventral edges (pl. 11, fig. 2);
size of panderian notch increasing up to segment
five, and almost constant thereafter; three to five
medium-sized pustules surrounded by about ten
smaller ones at ends of rings; crest of rings smooth
or with a few small irregular pustules, but anterior
slope and posterior slope of articulating half ring
with larger numbers of small pustules; posterior
band of pleura with sparse small to medium pus-
tules over most of surface, but the lateral extremi-
ties with masses of contiguous flattened pustules;
anterior band with small to medium pustules

mainly on the posterior slope, but sparse on the
anterior slope; pleural facets covered with dense
granules. Articulation by large posterior axial
process and anterior notch, prominent anterior
fulcral process and deep posterior notch, and ante-
rior articulatory shelf between axial furrow and
fulecrum which fits beneath the next segment and
not into a posterior furrow; first segment with an
articulatory shelf extending laterally to the ful-
crum, but absent on subsequent segments. Ventral
surface with thick apodemes set transversely and
thus oblique to the rings (pl. 10, figs. 14, 15);
axial doublure covering almost the entire length
of the ring medially, but cut away sharply at each
side; pleural doublure rapidly expanding in width
abaxially from the fulcrum, then maintaining a
uniform curve around the pleural tip and project-
ing up to form a prominent stop at the panderian
notch; stops decreasing rapidly in size forward
from the fifth segment.

In lateral profile, with base held horizontally,
postaxial section of the pygidium standing at 90°
to 110°%; the crest of the axis only slightly
arched and inclined so that the articulating half
ring lies slightly behind the anteroventral corners
of the pygidium; axial furrow weak posteriorly;
a cincture present on the lower part of the pygid-
ium and passing around onto the posterior thor-
acic segments, marking the position occupied by
the edge of the cephalic border roll during enroll-
ment (pl. 9, fig. 9); usually seven complete ring
furrows present, but in some specimens the seventh
not quite complete; an eighth furrow, not reaching
the axial furrow, is convex rather than concave
to the rear as are all the others; first ring gently
sloping in front, steeply sloping behind or even
slightly undercut in some specimens; subsequent
rings with less slope as ring furrows tend to fade
toward the median line; five, or rarely six, pleurae
present, first four clearly defined, but the fifth
enlarged and forming the tail piece; first pleural
furrow cuts out against the broad facet; subse-
quent ones definite to the cincture, but only
faintly visible beyond it; interpleural grooves dis-
tinct and carried down to ventral surface; posterior
pleural bands slightly longer (exsag.) than ante-
rior ones, but the fifth segment with an enlarged
posterior band passing back to form a protuberant
postaxial sector limited on either side by what
appear to be expanded extensions of the fifth pleu-
ral furrow; border roll evenly curved around to
the ventral surface, widest in front and with a
pronounced axial notch for the reception of the
spine on the hypostome during enrollment; dou-
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blure narrow, not forming an angular junction
with the border but rather rolled in, and flexed
up at its junction with the facets. Ornament of
first ring similar to that of thoracic rings, but
subsequent ones carrying progressively more pus-
tules, the greatest concentration being on the
median parts within the area defined by the apo-
demes; small to medium-sized pustules much more
closely spaced on the inner parts of the pleurae
than on the thoracic pleurae; lateral to the cinc-
ture pustules of the type found on the cephalic
border roll present, and increase in size ventrally;
posterior part of axial furrow with fine pustules;
doublure smooth.

Perforations widely distributed; pustules on dor-
sal surface of cephalon each with a main canal
almost invariably opening on the posterior slope,
except for pustules on the flanks of the various
furrows (e. g., pustules on posterior surface of
anterior border and posterior surfaces of glabellar
lobes with openings on antericr face, and those on
flanks of axial furrows with openings in laferal
face, pl. 11, fig. 8); in general, smaller pustules
have a single perforation, but larger ones some-
times have as many as 7 to 8 smaller perforations
arranged in a ring on the flanks, each producing
a tiny craterlike eminence on the surface (Shirley,
1936, p. 414; Evitt and Whittington, 1953, p.
53). Similar perforations in pustules on dorsal
surface of pygidium and thorax. On cranidium
and cheeks inside border furrows internal apertures
of major perforations rimmed; on rolled border of
cephalon (including rostral plate) and of pygid-
ium, perforations open on steep outer face of pus-
tules; not all these pustules carry perforations, and
density of perforations decreases toward doublure;
ends of thoracic pleurae densely perforate, with
openings lying between the closely spaced pustules;
perforations also present in the pustules of the
hypostome on the median body, anterior wings,
lateral borders, and possibly the posterior border
also.

Remarks.—Well-preserved material of this spe-
cies is abundant, and it has been possible to exam-
ine both dorsal and ventral surfaces in some detail.
In fact, as much morphological information is
available for it as for any described species of the
genus. In making comparisons with other species,
I have had access to the fine collections in the
Museum of Comparative Zoology, Harvard Uni-
versity, which include species from Europe as
well as North America. Consequently, it has been
possible to compare characters which are not usu-
ally considered, but which may be of systematic

value, not only when good material is at hand,
but also in comparing fragments. For this reason
the comparisons below are unusually detailed.

In many features C. clavicula, new species, is
allied to the British group of C. blumenbachi
Brongniart and C. lafa Shirley from the late Wen-
lockian and early Ludlovian. However, from C.
blumenbachi it can be distinguished by its coarser
ornament over the dorsal surface and border roll
of the cephalon; deeper occipital furrow; relatively
shorter occipital ring; more rounded outline and
less steep inclination of the palpebral lobes; more
angular lateral border furrow, more angular 8 in
the facial suture; the group of pustules at the
end of each thoracic ring rather than a single
hump; relatively narrower V-shaped, rather than
U-shaped, pleural furrow, which diminishes rap-
idly in size beyond the fulcrum; the slight margin-
al cincture on the pygidium; the less pronounced
and shorter interpleural furrows on the pygidium;
the narrower infolded roll on the pygidium; and
the longer posterior border spines and larger spine
on the median body of the hypostome.

The holotype of C. lata Shirley has coatse ceph-
alic ornament like that of C. clavicula, new species,
and the shape of the glabellar furrow 1p, the
anterior outline of the glabella, and the posterior
branch of the facial suture are also comparable.
However, C. clavicula has a greater length/width
ratio of the glabella, no fourth glabellar furrow,
and weaker ornament on the thoracic rings. De-
tails of the ventral surface of C. lafa have not

een published, but, so far as I am aware, no hypo-

stomes with large median nodes are known from
the abundant Dudley and Wenlock material, and
it seems probable therefore that this feature will
prove to be another point of difference.

The closest American species are C. niagarensis
Hall, from the Rochester Shale, and C. breviceps
Weller, from the Waldron Shale of Indiana. C.
celebra Raymond, from the Niagaran dolomites of
the Great Lakes area, which in many respects re-
sembles C. breviceps, would not be included in
the genus Calymene under Shirley’s definition
because it lacks a buttress on lobe 2p. Both C.
niagarensis and C. breviceps have finer cephalic
ornament than C. clavicula. In addition, C. niaga-
rensis has fine densely packed pustules over the
thoracic rings and pleurae; weaker marginal fur-
rows on both free and fixed cheeks; a relatively
narrower border on the fixed cheeks; more de-
pressed posterior segments on the thoracic pleurae;
relatively shorter (exsag.) pleural terminations,
with less marked panderian notches; and, on the
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pygidium, a2 more pronounced axis, which lies at
a lower angle to the plane of the doublure.

C. breviceps has a less tapering glabella; a much
shallower preglabellar furrow, which is correlated
with a steep uprising in the median anterior mar-
gin of the cephalon in general, and deep embay-
ment in the ventral edge of the rostral plate; this
in turn is correlated with an emphasized postaxial
segment on the pygidium, which fits into the
above embayment. The axial furrows lateral to 1p
are wider and more pronounced; the occipital fur-
row is shallower, with a more gentle posterior
slope; the posterior marginal furrow is more
rounded and the axial ends of the posterior border
do not overhang it; the lateral marginal furrows
also are shallower and are not angular; the facial
suture is curved across the anterior furrow, and
is not sharply bent; the thoracic pleural furrows
are more pronounced; the thoracic pleural termi-
nations are relatively shorter; both the axial rings
and pleurae of the thorax bear fine densely packed
pustules; the pygidial crest stands at a lower angle
to the plane of the doublure; and finally, the over-
all shape is more elongate.

Family PHACOPIDAE Hawle and
Corda, 1847

Subfamily PHACOPINAE Hawle and
Corda, 1847

Remarks—Within the subfamily Phacopinae
(as defined in Harrington and others, 1959) it is
possible to isolate a group of genera centered on
the genus Phacops, and others on certain Late
Devonian genera, for example, Cryphops (Richter
and Richrter, 1955, p. 60-61). This discussion will
not be concerned further with the Late Devonian
groups. The Phacops group contains the genera
Acernaspis, new genus, Ananaspis, new genus, a
new, unnamed genus of Early Devonian age, de-
scendant from Awnanaspis, Reedops Richter and
Richter, and Phacops Emmrich. The genus Eopha-
cops Delo, commonly included with Phacops, is
on a line leading from Acernaspis to the Phaco-
pidellinae, in which group it should be classified.
The first appearance of the Phacops group was in
the Late Ordovician, and it persisted into the Late
Devonian.

Discrimination between the early group mem-

TABLE 4.—DiacNosTIC CHARACTERS OF CERTAIN GENERA OF THE PHACOPINAE AND PHACOPIDELLINAE

Character

Eophacops

Acernas pis

Glabellar profile

Depressed.

Moderately inflated with evenly curved
front; bun-shaped in anterior profile.

Shape of glabellar furrow 1p

Discontinuous, granulose ornament me-
dially.

Discontinuous, granulose ornament me-

dially.

Glabellar furrows 2p and 3p

2p weak; 3p strongly impressed lateral-
ly, weak axially.

2p weak; 3p weak axially, weak to
moderately strong laterally.

Vincular furrow

Discontinuous anteriorly, not notched
laterally.

Continuous, weak anteriorly, notched
laterally.

Ornament on anterior cephalic doublure

Granulose,

Granulose.

Hypostomal suture

Tranverse or convex backward.

Slightly concave to slightly convex
backward.

Hypostome

Unknown.

Unknown.

Ornament of glabella

Granulose.

Granulose.

Ornament of thorax and pygidium

Smooth or with granules.

Fine granules concentrated on axis and
toward pleural tips.

Interpleural and pleural furrows on
pygidium '

Weak except for first pleural furrow.

Both weak.
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bers, such as “Phacops” elliptifrons (Esmark) and
the later ones, such as Phacops latifrons Bronn, is
a simple matter, but a more or less continuous
variation exists between these end points. The
apparent absence of systematically useful breaks
is reflected in the suppression by most authors of
the genus Portlockia McCoy (Salter, 1864; Rich-
ter and Richter, 1923; Whictard, 1938), and by
the general absence of attempts to define species
groups within the genus Phacops, although men-
tion is made of the existence of such groups by
some authors (Richter and Richter 1943, 1955;
Opik, 1953).

In the following discussion an attempt is made
to subdivide the group into genera of basically
“horizontal” type (Simpson, 1961). Insufficient is
known of the evolution of the group to attempt
comprehensive definition of independent stocks,
and hence a division into “‘vertical” genera is not
yet possible, even if it is desirable. Reedops does
appear to represent a short-lived side issue from
the main stock and is therefore best considered
as a “vertical” genus. In order to make a “hori-
zontal” subdivision, it must be possible to dis-

tinguish morphological characters that change at
approximately the same rate throughout the group.
In my opinion it is possible to identify such fea-
tures, the major ones being as follows:

a. Glabellar ornament which changes from
finely granulate in the early forms to tuberculate
with superimposed granules, and finally to smooth
tubercles.

b. The proportions of the glabella, the length/
width ratios changing from slightly greater than
1:1 in the early forms to approximately 5:6 in
the late. Correlated with this is an increase in the
angle of divergence of the axial furrows in front
of 1p from a range of 25° to §5° in the carly
forms to one of 65° to 100° in the late.

c. The outline of the hypostomal suture

changes from convex to concave posteriorly.

d. The change in the ornament of the dou-
blure, which is granulose in early forms, granulose
but with the granules elongated and arranged in
rows in some Early Devonian species, and formed
predominantly of linear ridges in Middle Devonian
species (some evidence suggests a similar change

Amnanas pis

Reedops

Phacops

Moderately inflated with steep front;
bun-shaped in anterior profile.

Inflated, overhanging border in front.

Usually inflated “~with vertical front;
squarish in anterior profile.

Discontinuous, normal glabellar orna-
ment medially.

Continuous, not interrupted by orna-
ment medially.

Continuous, not interrupted by orna-
ment medially.

2p moderately to strongly impressed; 3p
not more strongly developed laterally.

Absent or weakly impressed.

Absent or weakly impressed.

Discontinuous or very weakly contin-
uous anteriorly; notched laterally.

Notched laterally, absent or weak an-
teriorly.

Notched laterally, continous, decp an-
teriorly.

Granulose.

Granulose, but with granules elongate
and arranged linearly.

Terrace lines, passing into clongate

granules in places.

Transverse to slightly convex backward.
Y

Transverse to slightly convex backward.

Concave backward.

Short posterior border; ornament of
granules; strongly tapered.

Short or long posterior border, not
strongly tapered, low anterior wings.

Long posterior border; ornament of
terrace lines and elongate granules;
strongly tapered.

Small tubercles with
granules.

superimposed

Very small tubercles (pustules), with-
out granules superimposed; often partly
smooth.

Coarse tubercles on top becoming finer
and often linear in front.

Thorax with granulose tubercles on
axis; pygidium with granular axis.

As for glabella.

Almost smooth to coarsely tuberculate,
without granules.

Both moderate to strong.

Both weak.

Weak interpleural and strong pleural
furrows.
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Text-figure 6.

in the ornament of the hypostome, but this cannot
yet be adequately documented).

e. The gradual strengthening of the median
part of furrow 1p (the intercalary furrow).

f. The change from granulation to tubercu-
lation on both thorax and pygidium.

In addition to these “sequential” morphological
characters, there are others that appear and then
disappear, and some of these subsequently reappear.
For example, the vincular furrow is continuous
and moderately strong in the members of the
genus Acernaspis in the Llandoverian and Wen-
lockian, it is weak or absent around the frontal
region in the predominantly Wenlockian and Lud-
lovian Ananaspis, but reappears in the Early De-
vonian species of Ananaspis type such as “Phacops”
raymondi and in the genus Phacops. The peculiar
depression of the glabella and the development of
the nonnotched vincular furrow characteristic of
Eophacops appear to have evolved only once, and
persisted on into the genus Phacopidella, which is
usually considered to be in a separate subfamily

Evolutionary relationships of certain members of the Phacopinae and Phacopidellinae.

(Struve in Harrington and others, 1959). Eye
size and shape show no systematic changes with
time. This is of interest in view of the taxonomic
importance of eye changes in the Late Devonian
genera descendant from Phacops.

A summary of the characters considered perti-
nent for the diagnosis of the genera discussed
herein is presented in table 4.

It is improbable that all the “sequential” char-
acters will change at the same rates in all stocks
in all areas. Yet on a broad scale it is possible to
define genera by their position on the evolutionary
scale, that is, by the occurrence of certain char-
acter combinations and, in addition, by the appear-
ance of various “nonsequential” characters. This
procedure has been followed below even though
it is realized that, because of variable evolutionary
rates, some species will not fall neatly into the
groups as defined. Examples of this are given in
the remarks on the various genera discussed.

In undertaking this work I have examined the
primary types or topotypes of several European,
American, and Australian Silurian-Middle Devon-



*(opueaxeq) sdaorz
~advag s§orvgdog pue  (sSuriq) s2152.40 sidsvniaoy ‘sardads mou ‘snuyngans sifsvuvny ‘axemMol§ 2421t puvi sqoovgd uodn paseq 9I¢ SHONONIISTUOIIX
sy, ‘sdorvqdog pue ‘siisvuisdry ‘sifsvuvuy ‘sdoovgdg vxouag ay1 Jo ejeydss ay3 yo sydodse jerse] pue ‘rorzajue ‘jezusA ‘jeszo /L 2xngry-1x9 ],

$x - sdooeydog - O

¢x - sidseurddy - O

T

¢'zx - sidseutuy -

¢'1x - sdooeyg - v




32 ACERNASPIS

ian species of phacopids. Details are given below:

Primary types examined

Acernaspis? marklandensis (McLearn, 1918)
Eopbacops matheri Delo, 1940

Eophacops cerviculata Ulrich and Delo, 1940
Eophbacops mancus (Foerste, 1919)
Eophacops? pulchellus (Foerste, 1885)
Ananaspis? budsonicus (Hall, 1861)
Ananaspis typhlagogns (Opik, 1953)

Primary types and topotypes examined

Acernaspis elliptifrons (Esmark, 1833)

Acernaspis orestes (Billings, 1860)

Acernaspis macdonaldi (Fletcher, 1948)

Eophacops handwerki (Weller, 1907)

Ananaspis? crosslei (Etheridge and Mitchell, 1896)
Ananaspis guttulus Campbell, new species
Ananaspis? raymondi (Delo, 1935)

Topotypes or probable topotypes examined

Eophacops musheni (Salter, 1864)
Eophacops trapeziceps (Barrande, 1846)
Ananaspis communis (Barrande, 1852)
Ananaspis stokesi (Milne-Edwards, 1840)
Phacops latifrons (Bronn, 1825)

Phacops schlotheimi (Bronn, 1825)

Phacops breviceps Barrande, 1846

Phacops degener Barrande, 1852

Phacops major Barrande, 1852

Phacops rana Green, 1832

Phacops rana milleri Stewart, 1927

Reedops bronni (Barrande, 1846)

Reedops sternbergi (Hawle and Corda, 1847)
Reedops cephalotes (Hawle and Corda, 1847)

Genus Acernaspis, new genus

Type species—Phacops orestes Billings, from
the Jupiter and Gun River Formations (Llando-
verian) of Anticosti Island.

Diagnosis.—Small for the subfamily; glabella
only moderately convex in longitudinal profile,
never with a vertical front wall, nor overhanging
the anterior margin; length/width ratios of gla-
bella 1 or greater; furrow 1p not continuous, but
with its inner end directed strongly forward;
2p and 3p moderately impressed, 3p, but not 2p,
being connected to the axial furrow; strong in-
cision into the occipital ring at the inner end of
the occipital apodeme; axial furrow strong and
straight on the flank of the glabella; preglabellar
furrow weak; facial sutures continuous around
anterior of cephalon and cutting across antero-
lateral corners of glabella; eyes large; genal angle
subrounded to pointed; dorsal surface covered with
minute granules; anterior doublure long, and gran-
ulate, the granules not arranged in rows; vincular
furrow continuous, moderately strong anteriorly,
and notched laterally to receive the ends of the

thoracic pleurae. Thoracic ring with an incision
near the outer end, but without a lateral node.
Pygidium with six to eight rings, the posterior
ones being poorly defined, and five or six pleurae;
all pygidial furrows narrow and rather weak; tho-
rax and pygidium either smooth or with minute
granules.

Remarks—McLearn (1918, 1924) used the
generic name Portlockia McCoy to cover species
of the Phacops orestes type. The first formal desig-
nation of a type species was apparently that of
McLearn (1918, p. 35), who designated Calymene
stokesi Milne-Edwards. C. stokesi was not among
those listed by McCoy as species of his genus
Portlockia; however, McLearn, in choosing it as
type species, indicated that Portlockia sublacvis
McCoy (one of the original species) was a sub-
jective synonym of C. stokesi. Under the Régles
(Art. 69, a, iv) this would make C. stokes:i the
type if the synonymy were upheld; however, if it
were not upheld, presumably P. sublacvis would
become the type. The evidence seems insufficient
to suggest that these two species are conspecific,
despite the fact that Salter (who saw the original
of P. sublaevis) said that they are (Salter, 1864,
p- 22). On the other hand, McCoy’s explicit state-
ments that the cephalon has such fine granules that
it appears smooth to the naked eye and that the
eyes are small certainly suggest that they are not
conspecific.

Whittard indicated that he was unable to locate
the types of P. sublaevis; and, although some of
McCoy’s types have been found in the National
Museum of Ireland, Dublin, Dr. J. S. Jackson in-
forms me that P. sublaevis is not among them.
Further, I have been unable to obtain topotypic
material of the species; as Delo and others, have
stated, the species cannot be interpreted on the
figures and description of McCoy. It is still pos-
sible, from the little that is known of the species,
that it is congeneric with Phacops orestes, but 1
consider the possibility to be remote. I have there-
fore erected the genus Acernaspis with P. orestes
Billings as type, a species which is well known
morphologically and stratigraphically, and which
occurs abundantly. I have based my interpretation
upon the specimens YPM 24885-8, the two speci-
mens figured by Delo (1940) now labeled YPM
11313 and YPM 24889, and the type material.

Species included in this new genus, in addition
to the type species, are “Phacops” elliptifrons (Es-
mark), from the Llandoverian of Norway, Estonia,
and Great Britain; and Phacops macdonaldi
Fletcher, from the Llandoverian of New South
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Wales. It is probable that Phacops primaevus
Clarke, from Zone F4 (Otrdovician) of Gaspé,
and Phacops (Portlockia) marklandensis McLearn,
from the Ross Brook Formation of Arisaig, Nova
Scotia, belong here. The type material of the lat-
ter is not sufficiently well preserved to allow a
definite decision to be made. The holotype has
been cleaned enough, however, to demonstrate that
the dorsal cephalic ornament, the ormament of
the cephalic doublure, the shape of the axial fur-
rows, the lateral glabellar profile, the presence of
a vincular furrow, and the furrows on the pygi-
dium are all consistent with an assignment to
Acernaspis. In fact, 1 see no reason why the spe-
cies should not be synomymized with Acernaspis
orestes. Delo (1940, p. 28) placed it in Eophacops.

Maksimova (1962) recently described three
species of the genus, from the Upper Ordovician
and Llandoverian of the Siberian platform, as
members of Eophacops. The representatives of E.
nanus Maksimova and E. pulcher Maksimova, fig-
ured on her plate 11, appear to be normal mem-
bers of Acernaspis. Those figured as E. quadrilinea-
tus (Angelin) in figures 11, 12, and 14 of plate 10,
also appear to belong to Acernaspis, although it is
difficult to be certain of this (the specimen in figs.
13a,b could be a true Eophacops).

Genus Reedops Richter and Richter,
1925

Type species.—Phacops bronni Barrande, from
the Lower Devonian of Czechoslovakia.

Diagnosis—Medium size for the subfamily;
glabella inflated, produced anteriorly, and mark-
edly overhanging the anterior border; length/width
ratios of glabella range from 1:1 to 1:1.15; angle
of divergence of axial furrows on cephalon 60°
to 85°; furrow 1p deep, transverse, and contin-
wous; furrows 2p and 3p not impressed, and dis-
tinguishable mainly by dark lines in the exoskele-
ton; preglabellar furrow weak to absent; eyes
small to moderate in size, and situated well for-
ward; ornament of cephalon of scattered granules
or fine pustules, usually densest on the borders
and the anterior part of the glabella, and becom-
ing more scattered toward the occipital region;
anterior doublure convex in lateral profile, and
‘ornamented with transversely elongated granules;
vincular furrow absent in front, narrow, and
slightly notched laterally*; hypostomal suture con-
vex backward; hypostome less strongly tapering

than that of Phacops. Thoracic segments with
well-differentiated nodes on each side of axis; pleu-
ral furrows deep. Pygidium with pleural furrows
rapidly weakening from front to back, and inter-
pleural furrows almost indistinguishable; orna-
ment of thorax and pygidium composed of gran-
ules or pustules like those of the cephalon, most
crowded on the axis and the lateral parts of the
pleurae, and sparse on the adaxial parts of the pleu-
rae.

Remarks.—Reedops apparently represents a side
branch from the main Phacops-group stock. It
was probably derived from Ananaspis and became
extinct without further issue. The oldest species are
said to be Silurian (Wedekind, 1911; Delo 1940),
but I have been unable to confirm any such oc-
currences. In any case, the genus did not be-
come abundant until the Early Devonian, and it
apparently disappeared in the Eifelian.

Genus Phacops Emmrich, 1839

Type species.—Calymene latifrons Bronn, from
the Eifelian of the Rhine Valley.

Diagnosis.—Exoskeleton of medium to large size
for the subfamily; glabella inflated, tending to be
flattened on top, with an almost vertical front
wall, rapidly expanding to the front, and with
length/width ratio ca. 5:6; furrow 1p continuous
across the glabellar stalk; furrows 2p and 3p
weakly impressed and partly or completely ob-
scured by ‘the tuberculation; no incision in the
occipital ring behind the inner edge of the occi-
pital apodeme; large tubercles on top of the gla-
bella gradually diminishing in size toward the
preglabellar furrow, and becoming progressively

* Since this bulletin went to press I have received a copy
of an article by Alberti (1965), in which he recorded the
presence of a shallow vincular furrow around the anterior
margin of the cephalon of certain specimens of Reedops
bronni. For this reason he regarded the character of the
vincular furrow as of doubtful taxonomic significance. It
should be pointed out, however, that a shallow furrow of
the type Alberti recorded is probably indicative only of the
shape of the pygidial doublure and its position against the
ventral side of the cephalon when the animal was enrolled.
That is, the posterior end of the pygidium still overlapped
the anterior end of the cephalon, as is normal for-Reedops.
A similar condition exists in Ananaspis. On the other hand,
in both Phacops and Acernaspis the whole edge of the
pygidium fitted into the vincular notch on the cephalon
without overlapping, and thus produced 2 different type of
I therefore still consider the character of the
vincular furrow to be of taxonomic value.

closure.

Alberti gives the range of the genus as Praguian to
Eifelian.
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more transverse in some species; no fine granula-
tion over the glabellar tubercles; preglabellar fur-
row definite but faint; borders of free cheeks with
few to many scattered tubercles much weaker than
those of the glabella, and with some shallow pits
particularly towards the genal region; eyes large,
high, close up to the axial furrow in front and the
posterior border furrow behind; cephalic margins
followed by slight ridges forming a braided pat-
tern; vincular furrow entire, with multiple notch-
es for thoracic pleural tips laterally, and smooth
or with a very fine granulation below the glabella;
stop for first two thoracic segments close to the
rear margin; anterior part of doublure with wavy
linear ornament subparallel to the margin but on
the median posterior part breaking down into
discrete transverse fragments arranged in rows;
these linear ridges with sharp anterior and gentle
posterior slopes; hypostomal suture markedly con-
cave. Hypostome extending back beyond the rear
edge of the dorsal surface of the cephalon, pro-
duced posteriorly into a short median marginal
spine flanked by a pair of smaller spines; posterior
border long; posterior border furrow wide and
strong, and supplementary furrow weaker; hypos-
tomal ornament with a marginal “braid,” and
linear ridges on the body similar to those of the
doublure arranged concave forward, the degree of
concavity increasing toward the posterior; ridges
break down into discrete elements behind the me-
dian furrow and on the anterior wings. Thoracic
rings without incisions near the axial furrow
and without lateral nodes. Pygidium with nine
to eleven rings and up to eight pleurae, the most
posterior ones being weakly defined; border of
pygidium not separated off by a furrow, and with-
out traces of pleural or interpleural furrows; in-
tetpleural furrows on inner parts weak to indis-
tinguishable; rings and pleurae of both thorax and
pygidium with weak to strongly developed tu-
bercles; doublure of pygidium with concentric
terrace lines.

Remarks—The above diagnosis is more re-
strictive than that commonly used (Delo, 1935a,
1940; Whittard, 1938; Stumm, 1953; Richter,
Richter, and Struve in Harrington and others,
1959). In addition to the type species, it in-
clues P. fecundus major Barrande, from the
Eifelian of Czechoslovakia; P. schlotheimi
(Bronn), from the Eifelian of Germany; and
probably P. accipitrinus accipitrinus (Phillips),
from the Upper Devonian of Great Britain and
Belgium; P. granulatus Muenster, from the Upper
Devonian of Germany; P. latifrons grzegorzowi-

censis Kielan, from the Eifelian, P. sobolewi Kielan
and P. schlotheimi skalensis Kielan, from the Give-
tian of Poland (Kielan, 1954) ; P. altaicus Cherny-
shev, from the Eifelian of Russia; P. rena Green
and its numerous subspecies, from the Eifelian
and Givetian, and P. iowensis Delo from the Give-
tian of North America (for summary, see Stumm,
1953); P. papulatus Richter and Richter, from
the Eifelian, P. erfoudensis Richter and Richter
and P. accipitrinus accipitrinus (Phillips), from
the Upper Devonian of Morocco (Richter and
Richter, 1943). The list is not intended to be ex-
haustive.

Thus most members of the genus are either
Middle or Late Devonian in age. However, if mul-
tiple character diagnoses of the type given above
are used, it is only to be expected that, since evo-
lution commonly proceeds on a mosaic pattern
and at different rates in different stocks, there may
be many species that satisfy the diagnosis only
partially. This situation is illustrated by the oc-
currence in the late Early Devonian of species
which are obviously close to the typical Phacops
but which are “primitive” in one or more charac-
ters. An example is P. fecundus degener Barrande,
which, according to Chulpaé (1957, 1962), first
appears in the Emsian and persists into the Eifelian.
It is “primitive” in its glabellar profiles, shape of
the posterior border furrows, and mainly elongate
granules rather than ridges in the cephalic dou-
blure. In all these features it resembles Early De-
vonian species of the Ananaspis type, for example,
“Phacops” raymondi Delo (see below). It appears
to be a true intermediate between such species and
Phacops. P. breviceps Barrande, which, according
to Chulpd¢ (1962), is restricted to the late Eifel-
ian Acanthopyge limestone, is probably an off-
shoot from the P. fecundus degener stock, and has
developed all the typical characters of Phaccps
sensu stricto, apart from the squarish glabellar
profiles.

Other examples of this sort are probably to be
found in regions where there is 2 good phacopid
succession, for example, in North Africa, whence
Le Maftre (1944, 1952) has described and re-
corded many species. Unfortunately, details of the
dorsal ornament and of the ventral structures are
wanting for most species, and consequently accu-
rate assignment to genera is not possible at present.

The genus encompasses a considerable range of
mortphological types, but no clearly defined trends
have yet been discovered. In particular, variability
has been noted in the following characters. Some
species have large tubercles of rather uniform size
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on the top of the glabella and others have a variety
of sizes, whereas on the front of the glabella they
range from small equidimensional tubercles to
small flat transverse ridges. Furrows 2p and 3p are
usually distinguishable, if not as faint furrows
then as somewhat darker colored lines in the shell.
However, they are never deeply impressed, and
their courses are irregular as a result of interfer-
ence from the tubercles. The axial furrows fade
at the anterolateral corners of the glabella in some
species, and, where this occurs, the glabella expands
outward in front of the eyes. The anterior profile
of the crest of the glabella ranges from almost
flat to gently rounded. The strength of the tuber-
culation on the cephalic borders and on the thorax
and pygidium ranges from very coarse and strong
to coarse and almost imperceptible.

Genus Ananaspis, new genus

Type species. — Phacops fecundus communis
Barrande, from the Kopanina beds (Ludlovian)
of Czechoslovakia.

Diagnosis.—Exoskeleton of small to medium
size for the subfamily; glabella inflated, domed in
both lateral and anterior profiles, rapidly expand-
ing forward, and with a length/width ratio of
approximately 1:1; furrow 1p not continuous
across the glabella but interrupted medially by
tubercles; furrows 2p and 3p distinctly impressed;
a distinct incision present in the occipital ring
behind the inner end of the occipital apodeme;
tubercles of various sizes over the glabella in front
of the occipital ring, showing no tendency to
diminish in size toward the front; occipital ring
with a single median tubercle flanked by much
weaker irregular tubercles; tubercles also present
on inner parts of fixed cheeks; dorsal surface of
cephalon (including surface of tubercles) covered
with fine granules; posterior border furrow short
(exsag.), extending laterally beyond the eyes and
then bent sharply forward; axial furrows deeply
depressed on the upper surface, and sharply defin-
ing the anterolateral corners of the glabella; pre-
glabellar furrow distinct; eyes close to the axial
furrows in front, but well separated from the
posterior border furrow behind; cephalic margins
with a granulose ornament; vincular furrow with
multiple notches laterally, weak or absent ante-
riorly; stop for first thoracic segment well for-
ward; doublure and (where present) anterior part
of vincular furrow with granulose ornament;
hypostomal suture transverse or slightly convex
backward. Hypostome with three small spines at

the posterior end; central body more convex longi-
tudinally than in Phacops; maculae small, forward
of the midlength of hypostome; short posterior
border, with a weak posterior border furrow and
a more pronounced supplementary furrow; sur-
face ornament apparently granulose—not of ter-
race lines. Thoracic rings with anterior incisions
separating off lateral nodes. Pygidium with eight
to ten rings and six to eight pleurae; border of
pygidium smooth and not separated off by a fur-
row; interpleural furrows well developed. Axis of
thorax and pygidium with very weak granulated
tubercles or with granules only, and pleurae with
few scattered granules.

Remarks.—Ananaspis communis (Barrande)
has been chosen as type species because it is well
known, has been long established, and is abundant.
Ananaspis guttulus, new species, on the other hand,
is known from relatively few individuals, many
of which are incomplete or worn. In addition to
these two species, Phacops stokesi (Milne-Ed-
wards), from the Wenlockian of Great Britain
(Salter, 1864) is included. P. crosslei Etheridge
and Mitchell, P. latigenalis Etheridge and Mitchell,
and P. serratus Foerste, from the Ludlovian of
southeastern Australia (Etheridge and Mitchell,
1896), are only doubtfully included, as they
exhibit some features in common with the Early
Devonian species alluded to below.

Possibly the genus evolved as early as late Llan-
dovery, although at this stratigraphic level only
one possible species is known, namely Phacops
typhlagogus Opik, 1953, from the “Illacnus band”
in Victoria, Australia. The type specimens of P.
typhlagogus have been partly destroyed by fire
and no surface details remain. However, the inter-
nal mold shows that the glabella was tuberculate
and that the anterior margin of the cephalic dou-
blure was beveled in a manner similar to that of
species of Ananaspis. In Europe and North Amer-
ica the genus appears first in the Wenlockian and
persists into the Ludlovian.

Several Early Devonian species (e. g., “P.” log-
ani Hall, P. raymondi Delo) are closely related to
members of this genus, but have a deep continuous
vincular furrow. Upon the basis of the definition
of Ananaspis, given above, they would thus be
excluded. They are much nearer to this genus than
to Phacops sensu stricto, and for this reason they
are listed above as Ananaspis?>. However, when
they are described in more detail, it will probably
be necessary to establish a new genus to contain
them.
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Amnanaspis guttulus, new species
PL 3, figs. 5, 6; pl. 14, figs. 1-15

Types—Holotype OU 5626 and paratypes OU
5636, OU 5636A, OU 5637, OU 5647, and OU
5648, from SEV, SW1/} sec. 4, T. 2 N., R. 6 E.
(Amsden collection locality P6); paratypes OU
5627 and OU 5634, from NW, SW1/, sec. 4,
T. 2 N, R. 6 E.; paratype OU 5635, from NE/
sec. 29, T. 3 N., R. 6 E.; all Pontotoc County.
Paratypes OU 5629 and OU 5631 from SEY/ sec.
30, T. 2 S, R. 1 E., Carter County (Amsden
measured section Cal, bed Q).

Description.—Glabella rapidly expanding; max-
imum width at anterior border furrow and mini-
mum width at lobe 1p; ratio of maximum/
minimum widths 2:1; width at occipital ring only
slightly greater than minimum width; glabellar
width about three-fifths of width of cephalon;
in lateral profile a sharp drop from the occipital
ring to lobe 1p, a slight rise on to the anterior part
of the glabella, and an almost vertical anterior
margin; in some specimens glabella not quite
reaching the margin and in others a slight over-
hang is present; axial furrow very broad and
shallow at the occipital ring, increasing slightly
in depth at the occipital furrow and then running
an almost-horizontal course to the anterior edge
of the eye and dropping steeply to the border fur-
row; preglabellar furrow narrow and shallow;
occipital ring of normal shape for a phacopid, but
sharply cut into by furrows at the inner ends of
the apodemes; central part of ring 1.5 times as
long (sag.) as lateral parts (exsag.); furrows Ip
deep and transverse laterally (up to 1 mm in from
axial furrow in adults), but with their shallow
inner portions directed forward at 25° to 30° to
a transverse line; connecting furrow faintly devel-
oped in some specimens, absent in others; an almost
circular node cut off at each end of ring 1p by
shallow, but definite, furrows; furrows 2p faintly
impressed, straight, to slightly curved, subparallel
to the inner parts of 1p, and never reaching the
axial furrow; furrows 3p even more lightly im-
pressed and consisting of a comma-shaped inner
part, and a straighter outer part which runs for-
ward to meet the axial furrow just behind the
anterior edge of the palpebral lobe; measured along
the outer edges of the transverse parts of the fur-
rows (where they are farthest apart), ratio of
length of lobe 2p to length of lobe 3p is ca. 3:4.
Posterior border furrows short (exsag.), shallow,
with an almost symmetrical U- to slightly V-
shaped section, almost straight, and inclined back-

ward at ca. 10° to a transverse line; tips of fur-
rows curving forward and fading away inside
genal angle; posterior border tapering slightly from
the axis to the fulcrum, and then broadening to
about twice this length (exsag.) behind the outer
limits of the eyes. Palpebral lobes broad, and with
their widest parts in line with the inner tips of
furrows 2p; outline comma-shaped with the great-
est curvature to the rear; shallow furrows cross
the lobes, pass around the rear of the visual surface
of the eye and then below it, where they form the
lateral border furrows; palpebral lobes never as
high as the glabella; eye variable, made up of 60
to 120 lenses (see remarks) ; eye surface not verti-
cal, but in anterior profile sloping at ca. 70° to the
horizontal. Facial suture not distinguishable in
front of eyes; posterior branch of suture arcing
forward slightly from the rear of the eye, and
then back to meet the margin slightly behind the
line of the posterior border furrow; on the dou-
blure, suture curving back slightly from the mar-
gin, and then forward to meet the inner edge a
short distance behind the end of the vincular
furrow.

Anterior doublure (sag.) 0.34 to 0.42 the total
length of the cephalon; in vertical ventral view
broad central part of hypostomal suture straight
or slightly convex posteriorly; lateral to this, at
the dorsad deflection of the doublure, a slight
bulge present; dorsad deflection ca. 1 mm inside
the axial furrow; in posterior view central part
of hypostomal suture gently arched; in lateral
profile anterior part of doublure slightly convex
in front and slightly concave behind; lateral, dor-
sally deflected part low, (max. height 1 mm) and
continued back to 2 point opposite the rear end of
the eyes, there terminating abruptly to form the
stop for the first thoracic segment during enroll-
ing; vincular furrow present laterally, reaching
as far forward as the straight hypostomal suture,
with its inner edge slightly and progressively more
dorsad posteriorly than its outer edge, and contain-
ing about eight notches for the reception of the
thoracic pleural tips; posteriorly the doublure
swings around in a broad arc and wedges out at
the fulcrum; on some specimens a faint continu-
ation of the vincular furrow present around the
anterior of the shell immediately inside the margin.
Hypostome unknown.

Ornament of glabella of small tubercles and
granules; granules most closely spaced on the
anterior lobe, being both on and between the tu-
bercles; more posteriorly, granules restricted to
the tubercles and to the nontuberculate areas of
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lobes 1p, 2p, and 3p, close to the axial furrows;
occipital ring with less distinct tubercles than else-
where on the glabella, and with granules on and
between the tubercles; fixed cheeks inside palpe-
bral furrow with similar ornament to occipital
ring; lateral and anterior borders with closely
spaced granules; posterior border smooth except
near genal angles, there becoming granulate; fur-
rows smooth.

Thorax with moderately arched rings; in dorsal
view ends of rings swing slightly forward, and
separated from the front of the ring by a deep
incision, and by a much shallower one from the
rear, lying lateral to the anterior one; rear incision
does not break the smooth posterior outline of the
ring (see rings of Acernaspis orestes, pl. 13, fig.
7); no true lateral nodes developed; articulating
furrow shallow, and articulating half ring approxi-
mately equal in length to remainder of ring; axial
furrows shallow; pleural furrow straight in dorsal
view and not extending onto the pleural facet;
fulcrum prominent; posterior band well rounded
and bearing a sharp articulatory flange posteriorly
between the fulcrum and the axial furrow; lateral
to fulcrum, surface of posterior band beveled off;
anterior band well rounded; facet with arcuate
anterior and posterior edges, and with the antero-
ventral tip angular; ornament on rings of wezk
to very weak tubercles covered with granules:
pleurae smooth or with sparse very fine granules
on the posterior band, particularly behind the
facet.

Pygidium with 8 + 1 rings (eight visible on
most specimens, the extra one only on particularly
well-preserved ones), and seven pleural furrows
(best preserved specimen shows slight indentations
on the backs of first five rings); facets deep, ex-
tending into the fulcra and back as far as the
fourth axial ring; pleural furrows shallow, first
two pairs gently curved backward, subsequent
ones straight, and all fade away above the inner
edge of the doublure, leaving a broad smooth bor-
der; interpleural furrows weak, and only five pairs
visible; ornament confined to the crests of the
rings and consisting of fine granules only, or of
granules on the faintest of tubercles; doublure
very wide, with a broad outer band gently inclined
to the horizontal and an inner, more steeply in-
clined band.

Remarks.—Ananaspis guttulus exhibits a wide
variation in the size of the eyes. On the one hand,
some individuals have a maximum of five lenses in
any vertical row, and, on the other, some have
seven. The number is not a function of size; two

specimens of about the same size (OU 5636, OU
5648) have the maximum and minimum number,
respectively. Lens size on the other hand does
appear to vary with the size of the specimen. The
specimens with the fewer lenses have palpebral
lobes which stand as high as those of the other
typss, but they have a higher subocular furrow.
From the specimens available at present, this
character does not seem to be a dimorphic one,
but a larger sample is desirable.

Ananaspis guttulus is smaller than Ananaspis
communis (Barrande), has finer tubercles on the
glabella, less strongly curved glabellar furrows 2p
and 3p, the posterior edge of the eyes further back,
less angular genae, and stronger pleural furrows
on the pygidium. A. stokesi (Milne-Edwards)
from the upper Wenlockian and Ludlovian of
Great Britain is the most closely related species yet
described. The main differences are details of pro-
portion—the axis of the thorax and the pygidium
is relatively broader, and the pleural and inter-
pleural furrows of the pygidium are stronger in
A. guttulus than in A. stokesi. Minor differences
in ornamentation may also exist, particularly in
the distribution of small tubercles on the thoracic
axis, but the material of A. stokesi 1 have exam-
ined is not well enough preserved to confirm this.

No comparable species have been described from
North America.

Subfamily PHACOPIDELLINAE
Delo, 1935

Genus Eophbacops Delo, 1935

Type species.—Phacops handwerki Weller, from
the Niagaran dolomites at the Chicago Drainage
Canal, Lemont, Illinois (probably late Wenlockian,
but possibly early Ludlovian).

Diagnosis.—Small for the subfamily; glabella
depressed, with only gently arched lateral and
anterior profiles, only gradually expanding to the
front, and with length/width ratios of ca. 1:1;
furrow 1p not continuous, median part bearing
the normal glabellar ornamentation; 2p weakly
impressed; 3p strong at the axial furrows, weaken-
ing axially, and with the transverse part almost
indistinguishable; eyes large, close to axial furrow
in front and the posterior border behind; no tu-
bercles anywhere on the cephalon; surface with
fine granules rather closely spaced on the glabella,
and more widely spaced on the cheeks; vincular
furrow present, laterally without notches for the
thoracic pleural tips, and weak to absent anteri-
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orly; ornament of doublure granulose; hypostomal
suture transverse to convex backward; hypostome
unknown. Thoracic pleurae with narrow inner
parts and long (tr.) steeply downturned outer
parts. Pygidium with six to eight rings and four
to six pleurae; all pygidial furrows weakly im-
pressed. No tubercles on either thorax or pygidium;
scattered granules present.

Remarks. — In  erecting Eophacops, Delo
(1935a) commented on the unsatisfactory posi-
tion with regard to our knowledge of the type
species of Portlockia, P. sublacvis McCoy, and it
was his intention that Eophacops should be a sub-
stitute for Portlockia as it had been interpreted
by McLearn (1918, 1924).

In addition to the type species, this genus in-
cludes E. matheri Delo, from the Niagaran of
Indiana; E. mancus (Foerste), from the Cedar-
ville Dolomite (Wenlockian) of Indiana; E. trape-
ziceps (Barrande), from the Liteth and Kopanina
beds (Wenlockian-Ludlovian) of Czechoslovakia;
and E. musheni (Salter), from the Wenlockian
of England. A species possibly referable to the
genus is Phacops pulchellus Foerste, from the
Clinton Group, Dayton, Ohio (Wenlockian).

The type species is not well understood. By
courtesy of Dr. Eugene Richardson of the Chicago
Natural History Museum 1 have been able- to
examine Wellet’s cotypes. They are internal molds
in crystalline dolomite, and it is possible to deter-
mine only gross structure from them. It is clear,
however, that no part of the exoskeleton was
tuberculate. No surface details are known for E.
matheri Delo, or for E. mancus (Foerste). How-
ever, E. frapeziceps (Barrande) and E. musheni
(Salter) both have a fine granulation on the ceph-
alon, and possibly on the thorax and pygidium
as well.

I have included Phacops trapeziceps Barrande
in this genus rather than in Phacopidella Reed, as
has been done by certain Czech authors (Horny,
Prantl, and Van&k, 1957). The reasons for this
course are as follows: specimens in the MCZ and
YPM collections do not show the glabellar fur-
rows joining medially as in the type species of
Phacopidella, P. glockeri; the thorax is proportion-
ately narrower (length of axis/width of thorax
ratios ca. 1:1 for E. handwerki and P. trapeziceps,
and ca. 5:6 for P. glockeri), more tapering, and
more strongly turned down beyond the fulcra;
and the pygidium has a relatively narrower axis,
more axial rings, and more pleurae. These differ-
ences between the pygidia are not size dependent,
as comparisons have been made between specimens

of comparable size. In all these features P. #rape-
ziceps is close to Eophacops bandwerki. Similar
comments apply also to P. musheni (Salter). (It
is noted that the inclusion of P. frapeziceps in
Eophacops raises no problem about the synonomy
of Eophacops and Glockeria Wedekind. Reed
[1927, p. 313] suggested that the status of Glock-
eria would have to be reviewed if P. trapeziceps
were found to be generically distinct from P.
glockeri, but this would be an invalid procedure.)

It 1s worth emphasizing, however, that Eopha-
cops is more closely related to Phacopidella than
to its nearest relative in the Phacops group. The
most striking features shared by Eophacops and
Phacopidella, but absent from most species of
Acernaspis, are the more depresesd glabellar pro-
files, the strong junction between furrows 3p and
the axial furrows, the shallowing and flexing of
the axial furrows near the anterior end of the
palpebral lobes, and the incomplete vincular fur-
row which lacks notches for the thoracic pleural
tips. On the other hand, features that Eophacops
has in common with Acernaspis, but not with
Phacopidella, are the relatively larger and more
posteriorly placed eyes, the failure of furrows 1p,
2p, and 3p to join longitudinally at their axial
ends, facial sutures continuous around the front
of the glabella, the narrower thorax with sharply
downturned pleural ends, and narrower pygidium
with much weaker and fewer ring, pleural, and
interpleural furrows. Further, at least one species
of Acernaspis, A. elliptifrons (Esmark), has
strong glabellar furrows 3p rather like those of
Eophacops.

For what it is worth in our present state of
ignorance, it is noted that the oldest Eophacops
appears earlier in the Wenlockian than does Phaco-
pidella, and the two coexist into the Ludlovian.
Both morphological and stratigraphical evidence
supports the evolutionary scheme outlined above.

Destombes (1964, p. 50) presented an alter-
native view of the derivation of Phacopidella. He
traced its development from Kloucekia to Pre-
phacopidella (an Ashgillian form from Morocco),
and thence to Phacopidella. The structure of gla-
bellar lobes 1p and 2p and the shape and segmen-
tation of the pygidium of Phacopidella suggest
affinities with the Phacopinae rather than either
the Acastinae or the Zeliszkellinae, to which
Kloucekia (and Prephacopidella) are currently
assigned (Struve in Harrington and others, 1959;
Whittington, 1962).

Maksimova (1962, p. 85-87), basing her inter-
pretation of the genus upon certain Russian spe-
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cies, has indicated that it has a notched vincular
furrow, but, as shown above, these species should
be placed in Acernaspis.

Family DALMANITIDAE Vogdes,
1890

Genus Dalmanites Barrande, 1852

Type species. — Trilobus caudatus Briinnich,
from the Wenlockian of Coalbrookdale, England.

Range.—Silurian-Lower Devonian; cosmopol-
itan.

Dalmanites rutellum, new species
Pl. 16, figs. 1-13; pl. 17, figs. 1-13; pl. 18, figs. 1-4

Types.—Holotype OU 5624, from SEY} sec. §,
T.2 N, R. 6 E., Pontotoc County. The paratypes,
all from the adjacent sec. 4, T. 2 N., R. 6 E., are
as follows: OU 3630 and OU 3632, from NEY,
SW1, SEV,; OU 4960A-B, from near center of
section; OU 4966A-F and OU 5623A-D, from

C SWY, SEV4; and OU 5625, from SE
SW 1.
Other material—Three enrolled specimens,

YPM 24882-4, with cephalon, pygidium, and at
least part of thorax, from NEY} sec. 9; many
other specimens, particularly pygidia, from the
paratype localities; and others from NW1, SW1/
sec. 5; all in T. 2 N, R. 6 E., Pontotoc County.
Other specimens from 0.25 mile southeast of
Rayford quarry, SEV, NEV, sec. 28, T. 1 S., R.
2 E., Murray County.

Description. — Cephalon  exclusive of genal
spines, twice as wide as long, and inclusive of
genal spines, as wide as long; in outline, flanks
along the spines tend to be straight, and the re-
mainder almost semicircular, broken only by a
slight, well-rounded anterior protuberance; poste-
rior margin almost straight between the fulcra,
then bent back at an angle of ca. 20° toward the
genal spine where the angle increases rapidly;
glabella widest in front of the midpoint of the
anterior lobe, and narrowest at the occipital fur-
row; ratio of minimum width/maximum width
of glabella ca. 3:5; length/width 12:10 to 13:10;
axial furrows deepest at the occipital furrow, rise
gradually and become shallowest just behind mid-
length of lobe 3p, then fall and become slightly
deeper (though still broad and shallow) around
the anterior lobe; lateral border furrows broad
and shallow, rapidly fading away in front of the
genal spines; posterior border furrows narrow be-

hind the eyes, broadening rapidly lateral to the
midpoint of the eyes, and tapering to a point
slightly behind and above the ends of the lateral
border furrows, in such a way as to give a lanceo-
late outline to the furrow; anterior and lateral
borders sloping gently down and out to the sharply
inflected doublure, and fade away gradually along
the genal spine; posterior border between the axial
furrow and directly behind the midpoint of the
eyes narrow, well rounded, and lower than the
sector of the cheek in front of it, but lateral
to this considerably broader and much higher than
the cheek in front; palpebral lobes divided into
two sectors—the inner slightly convex and rising
gradually from the axis to a level slightly above
that of the glabella, and an outer palpebral rim
rising abruptly and steeply, and then curving over
to become almost horizontal approaching the visual
surface; outer edge of rim with a narrow slightly
raised selvage; posterior edge of palpebral lobe
opposite midpoint of lobes Ip, and anterior edge
opposite the median tips of furrows 3p; visual
surfaces of eyes almost vertical posteriorly, at
ca. 15° to the vertical laterally, and ca. 20° to
25° anteriorly; in outline visual surfaces cover
ca. 210 degrees of arc; approximately 190 quin-
cuncially arranged lenses in the eye of the holo-
type; most posterior vertical row with 2 lenses
and subsequent ones in sequence with 3, 3, 4, 4,
5, 5, 6, 6, 6, 6,7, 7, 7, etc.; arrangement at
anterior end is 3, 4, 5, 5, 6,6, 7,7, 7, 8, etc.;
total number of rows 32, and the maximum
number of lenses in a row 8; most lenses are
ca. 0.25 mm in diameter, though some low
on the eye as much as 0.30 mm; at the tops of
rows in which the number of lenses is increased
there is a small one ca. 0.15 mm; furrow present
below the eye, narrowest at the back and becom-
ing broader and slightly deeper toward the front.

Facial suture runs almost parallel to the ante-
rior parts of the axial furrow and ca. 1.0 mm out-
side it; posterior to the eye it cuts along the base
of the suborbital ridge and then swings outward
and slightly forward in a gentle arc convex for-
ward, and placing @ distinctly in front of e

Granulation over the whole upper surface of
the cephalon except in all the furrows, which are
smooth; granulation coarsest on the glabella, the
inner parts of the palpebral lobes, and the cheeks
behind the eyes, where there are ca. 20 granules
per sq mm; slightly finer granules elsewhere inside
the border furrows and along the posterior border
and the crest of the genal spines; fine granules
(40 to 50 per sq mm) around the borders.
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Doublure widest in front where it is gently
convex anteriorly but carries a broad, shallow,
transverse arcuate furrow posteriorly (separating
off a slightly upturned inner sector), presumably
for the reception of the end of the pygidium;
doublure immediately beneath anterior lobe of
glabella with a sharp posterior edge (the hypo-
stomal suture), but lateral to this with a sharp
upfolded inner edge; outline of doublure has a
distinct but variable break in curvature at the
edge of hypostomal suture; doublure on genal
spine convex; outer three-quarters or so of dou-
blure (including genal spines) with shallow widely
spaced pits, slightly elongated parallel with the
outer margin; inner edge of flat portion with fine
granules; upturned inner portion apparently
smooth; facial suture sinuous across the doublure
and reaches its inner margin in front of the genal
spine; posterior doublure narrows rapidly from
genal spine and disappears opposite the outer edge
of the palpebral lobe; narrow articulatory furrow
in the posterior edge of the cheek adaxial to ful-
crum; doublure of occipital ring ca. one-quarter
the length of the ring; apodemes all high and
narrow (tr.) and arranged in two parallel rows;
occipital apodeme with a concave posterior face,
convex anterior face, and joined by a low eleva-
tion to the axis; apodeme 1p joined to the axis
by 2 much wider ridge, and tending to be triangu-
lar in cross section; apodeme 2p spikelike, joined
to the axis by a faint ridge, and almost linear in
section; no apodemes 3p developed; hypostome
unknown.

Thorax of eleven segments; axial rings flat,
width/length ratio ca. 5:1; in dorsal view, rings
bent slightly forward near the axial furrows; no
lateral nodes on rings; articulating half ring half
the length of the remainder of the segment, and
separated off by a pronounced furrow pinching
out laterally into the short (exsag.), wide (tr.)
apodemes; pleurae straight and rectangular adaxial
to the fulcra, then bent back strongly and nar-
rowing to a point, but developing a broad flat
anterior facet; anterior edge of pleura with a
shallow linear articulatory furrow running from
the axial furrow to beyond the fulcrum; at its
outer end, an abrupt but slight increase in the
height of the pleural facet; pleural spines on ante-
rior segments short and straight, but longer and
more sickle-shaped posteriorly; anterior pleural
band well rounded in section (exsag.), with an
almost vertical posterior slope, and midway" be-
tween the axis and the fulcrum is one-third the
length of the pleura; posterior band with a verti-

cal posterior slope, and with a gentle anterior slope
into the pleural furrow; granules coarsest (up to
0.125 mm diameter) on the rings and along the
crests of both posterior and anterior bands; ex-
tremely delicate granules (0.03 mm in diameter)
widely spaced in the pleural furrows, and possibly
along the posterior face of the articulating half
rings; slightly coarser granules closely packed on
the pleural facets; ventral surface of thorax un-
known.

Pygidia flattened in both anterior and lateral
profiles; faintly upturned posteriorly; divisible
into two types according to presence ot absence
of a caudal spine; both types with eight (less com-
monly seven) pleurae, and twelve to thirteen
(rarely eleven or fourteen) axial rings, although
the most posterior two usually almost indistin-
guishable; anterior ring with 2 pronounced poste-
rior median excavation, and second, third, and
occasionally fourth rings with markedly dimin-
ished excavations; six or seven interpleural fur-
rows exactly joining the most anterior six or seven
axial furrows; pleural furrows with almost verts-
cal anterior slopes and gentle posterior slopes,
becoming rapidly shallower crossing the inner edge
of the doublure, and fading away 0.5 to 1.0 mm
from the margin; interpleural ridges very narrow
and shallow; posterior band much lower than the
succeeding anterior band, and at the fulcrum is
ca. one-third the length (exsag.) of its own ante-
rior band; ornament of the rings and pleural bands
and furrows similar to that of the thorax; border
and spine with closely spaced granules of same
size as bands; articulating facet low, and its lower
edge with an abrupt change in outline at the
junction with the doublure.

Pygidia that lack caudal spines show wide vari-
ation in outline, as shown on plate 16, figures 1-
13; larger specimens longer relative to their widths
than smaller ones; specimens that bear spines are
proportionately narrower at all growth stages rep-
resented; caudal spine with a flat base and a tri-
angular cross section.

Doublure sharply inflected around the margin,
with a broad flattened outer band, and a much
narrower inner band gently upturned at ca. 30°
to 40°; posteriorly doublure reaches to the end
of the axis; appressed appendifers present on seven
segments; anterior appendifers massive and di-
rected downward and inward, but subsequent
ones diminishing rapidly in size; all appendifers
reach half way from the axial furrow to the
median line.

Remarks.—The collections contain only one
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type of dalmanitid cephalon, but the two distinct
types of pygidia occur in approximately equal
numbers. Although the pygidia are easily assigned
to one group or the other, the two groups have
many features in common. Sexual dimorphism
seems to be the only satisfactory explanation of
the data, and hence I have described all the mate-
rial as a single species.

From all described American species that are
known from both the cephalon and pygidium,
D. rutellum can be distinguished by several fea-
tures. The most important of these are the orna-
ment of the cephalon (and thorax); the position
of the anterior part of the facial suture with re-
spect to the axial furrow; the shape and position
of the palpebral lobe; the size of the visual surface
of the eye and the arrangement of the lenses; the
length of the genal spines; the shape of the rings
of the thorax; the number of rings and pleurae on
the pygidium; the strength of the interpleural
furrows on the pygidium; and the caudal spine.

Richardson (1949) described a new species,
D. oklabomae, from the “probably Silurian, prob-
ably Henryhouse Shale.”” The source of the single
specimen on which it was based has been discussed
by Amsden (1956), who concluded that it is
probably a Haragan form. It is readily distin-
guished from D. rutellum by its narrower borders
and more protuberant and differently ornamented
glabella.

The species most likely to be confused with it
are D. brevigladiolus Foerste, from the Hoplo-
phragma zone, Lilley Member, Western Union
Formation of Ohio; and D. limulurus (Green),
from the Rochester Shale of New York (not the
Lockport Formation, as stated by Delo, 1940, p.
44). D. brevigladiolus is distinguished by its
slightly finer ornament on the glabella, a narrower
(tr.) anterior glabellar lobe relative to its length,
shorter (exsag.) palpebral lobes, a longer and
flatter caudal spine, and much stronger inter-
pleural furrows on the pygidium. D. limulurus
has distinctly finer granulation on all parts of the
test; a shorter anterior border; a wider cheek be-
tween the eyes and the border furrow; smaller
eyes (0.25 to 0.3 of the length of the glabella as
compared with ca. 0.45 in D. rutellum), flatter
anterior bands on the thoracic pleurae; shallower
pleural and deeper interpleural furrows on the
pygidium; and longer caudal spine.

The incompletely known D. stewartae, from
the Devonian Little Saline Limestone of Missouri,
is represented by two broken pygidial internal
molds. The shape and number of segments are

similar to D. rutellum, but no conclusions can be
drawn from such inadequate data.

Among overseas species, the closest 1s D. myops
(Kénig) from the Wenlock Limestone, Dudley,
but it has a shorter anterior border; facial suture
in the preglabellar furrow; smaller eyes and pal-
pebral lobes; larger tubercles on the glabella; nodes
at the ends of thoracic rings; shallower pleural
and deeper interpleural furrows on the pygidium;
a broader unfurrowed pygidial border; and a more
prominent caudal spine.

Family ODONTOPLEURIDAE

Burmeister, 1843

Subfamily ODONTOPLEURINAE
Burmeister, 1843

Genus Leonaspis Richter and Richter, 1917

Type species.—Odontopleura leonbardi Bar-
rande, 1846, from the Kopanina Limestone (Lud-
lovian) of Czechoslovakia.

Remarks.—Leonaspis has been discussed ade-
quately by Whittington (19562, 1956b).

Leonaspis sp.
PL 19, fig. 9

Remarks.—A single poorly preserved cheek is
referred to Leonaspis. It is known only from the
lower surface, and no useful comparisons can be
made.

Material—Specimen OU 5609, from upper 2
feet of Henryhouse Formation, west of U. S.
Highway 77, NW1} sec. 30, T. 1S, R. 2 E,
Murray County.

Genus Dudleyaspis Prantl and Pribyl,
1949

Type species—Acidaspis quinquespincsa Lake,
from the Wenlock Limestone of Dudley, England.

Remarks.—Dudleyaspis is here interpreted in
the sense of Whittington (1956b, p. 234-235),
except for the following points: (1) The number
of spines on the posterior border and occipital
ring is variable, although the presence of spines,
and especially the median occipital spine, is con-
sidered to be diagnostic. (2) The occipital ring
and the axial lobe of the thorax are particularly
wide. (3) The lateral lobes of the occipital ring
are present in both known species, but they are
not completely isolated (pl. 19, figs. 3, 4). (4)
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The posterior pleural spines on all thoracic seg-
ments are transverse and gently tapering. Those
on the anterior segments are not modified. (5)
The ornament on the thoracic segments consists
of multiple granules comparable in size to those
of the cephalon.

Range—As here interpreted, the genus is at
present known only from England and North
America, where it occurs in the upper Wenlockian
and lower Ludlovian.

Dudleyaspis desolator, new species
Pl. 18, figs. 5-7; pl. 19, figs. 3-8

Types—All types are from sec. 4, T. 2 N, R.
6 E., Pontotoc County, as follows: holotype OU
5601, from SEY; SEV,; paratype OU 3628, from
NEY, SWU, SEV4; paratype OU 5602, from
NW1, SEV4; paratype OU 5603, from SEl
SW1,.

Description—All specimens somewhat com-
pressed, but originally must have been moderately
arched in both lateral and longitudinal profiles;
occipital ring (exclusive of spine) 0.2 the length
of the cephalon, measured with crest of glabella
approximately horizontal; anterior and posterior
occipital bands present, each about half the length
(sag.) of the ring; boundary between the two
bands lightly impressed; occipital lobes present,
but poorly defined by a shallow furrow and a
break in granulation along their inner, but not
their posterior, edges; posterior edge of the occipi-
tal ring produced back into a large broadly based
median spine 1 to 1.5 times the length of the
ring itself, and a pair of much smaller spines, one
on cither side, given off from behind the outer
edge of the anterior band; small rounded median
tubercle on the boundary between the two bands,
or just in front of it and carrying a tetrad of
depressions in its tip (Whittington, 1956a, pl. 2,
fig. 23); occipital furrow is moderately deep be-
hind lobes 1p, but shallowing abruptly medially;
normal cephalic granules present in occipital fur-
row between the inner ends of glabellar furrows
1p; axial furrows bounding the occipital ring and
glabellar lobes 1p and 2p weak, marked mainly
by the absence of ornament; forward of this these
outlines indistinct, and granulation not interrupt-
ed; outline of glabella defined by changes in slope
of the surface rather than by a definite furrow;
glabella widest at the occipital ring and tapers
gradually to slightly beyond the midpoint of
lobe 2p, where rate of taper increases; glabellar
furrow 1p variably impressed and shaped—in

largest specimen represented by a faint broad de-
pression with only minor interruption of the
surface granulation, but in other specimens a
slight but sharp groove without granulation at
the anterior end of the furrow, becoming broader,
less definite, and granulated posteriorly; in gen-
eral, outer part of furrow 1p almost perpendicular
to axial furrow, and separated by a strong flexure
from its inner part, which is almost parallel to the
longitudinal axis; furrows 2p at least as strongly
impressed as 1p, and in all four specimens with-
out granulation in their sharply impressed outer
courses, which are perpendicular to the axial fur-
row; inner part of 2p broader, granulated, and
more vaguely defined; furrow 3p present in all
cases, but short and very lightly impressed; pair
of dimples present near the axis of largest speci-
men at midlength of lobe 1p. Eye ridge straight,
strong, and fading away against the anterior edge
of the glabella; ornament similar to that of sur-
rounding areas, but ridge defined by a linear break
in the ornament on both sides, the gap being most
marked at the adorbital end on the inner side and
at the aborbital end on the outer side.

Rostral suture equal in width to the glabellar
width at furrows 3p; connective sutures slightly
divergent; anterior sutural ridge faint, running
forward and slightly inward from the eye to meet
the border furrow above the third or fourth mar-
ginal spine lateral to the rostral plate; posterior
sutural ridge a little stronger, developing from
the inner side of the palpebral lobe and following
a markedly sigmoid course to the base of the genal
spine; facial suture itself not observed. Eye glo-
bular, approximately two-thirds of a sphere, not
stalked, situated half way (tr.) between the axial
furrow and the middle of the border furrow, and
with its anterior edge immediately behind a line
joining the anterior edges of furrows 1p.

Anterior and lateral borders forming a well-
rounded ridge, fading away in front of the gla-
bella, and becoming distinctly weaker near the
genal spine; anterolateral spine fringe formed of
ten spines on either side; most lateral spines
curved downward and outward, and “webbed”
together slightly by a downgrowth of the border;
medial spines straight and short; spines taper
abruptly to points at their tips; three small pus-
tulelike spines on the upper surface of the border,
the largest being the posterior one above fringe
spine 3 or between 3 and 4, the second above §
or between § and 6, and the smallest between 7
and 8; librigenal spine similar in size and shape
to those of the type species; posterior border well
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rounded, but not so strong as lateral border, and
with a single short spine just lateral to the po-
sition of the eye.

Ornament remarkably consistent; granules of
two basic sizes present on dorsal surface; primary
granules well rounded, smallest on the glabella,
slightly larger on the cheeks inside the eye ridges,
and larger still outside the eye ridges; secondary
granules much finer and scattered irregularly be-
tween the primaries; anterior and lateral border
furrows granulated similarly to surrounding areas,
but granulation of posterior border furrow in-
determinate due to poor preservation; outer face
of border with finer granules than the upper face;
approximately six pairs of slightly enlarged spines
in rows down median glabellar lobe (pl. 19, fig.
5); librigenal and median occipital spines with
scattered, rather large, posteriorly directed micro-
spines, separated by granules; spines of the border
fringe with a single regular to irregular row of
granules down their outer edges, and the remain-
der of the outer face covered with a mist of
mircrogranules.

“Thorax and pygidium unknown.

Remarks.—Dudleyaspis desolator shows little
variation in the limited amount of material
available. The differences in the spread of the
border spines is great but can be explained in terms
of the ages of the individuals concerned.

D. desolator can be distinguished from the type
species as follows:

D. desolator D.

1. Two spine pairs plus me- 1.

dian spine on posterior
margin of cephalon.

2. Densely spaced granules
of two main orders.

3. Robust genal spines. 3.
4. Weak sutural ridges. 4.

quinguespinosa
Four spine pairs plus me-
dian spine on posterior
margin of cephalon.

. More widely spaced gran-
ules of a variety of sizes.
Weak genal spines.
Strong sutural ridges.

I

D. quinquespinosa has been recorded from
America by van Ingen (1901b, p. 50, fig. 12) in
the St. Clair Limestone of Arkansas. I have not
examined the specimen, and it is not possible to
make certain identification from the published
figure. The only other described American species
which might belong in Dudleyaspis is Acidaspis
vanhornei Weller, from the Niagaran dolomites
of Bridgeport, lllinois (Weller, 1907, p. 251, pl
23, figs. 3-4).
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Plate 1

Kosovopeltis hypha, new species

Page

Figures 1-5. Kosovopeltis bypha, holotype OU 4964A. 14

1. Enlargement of tips of thoracic pleurae, x6.

2 Enlargement of axis of pygidium, x8.

3. Dorsolateral view, x1.5.

4. Enlargement of part of figure 3, x2.5.

5 Dorsal view, composite of two photographs, x3.6.
Figures 6, 7. Kosovopeltis bypha, specimen OU 4964, . 14

6. Latex cast of part of a pygidium, x2.9.
7. External mold of part of doublure, x3.8.
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Plate 2

Kosovopeltis nebula, new species

Figures 1, 2. Kosovopeltis nebula, paratype OU 4963 E. .. e e
1. Small pygidium, x3.9.
2. Enlargement of axis, x9.

Figures 3, 4. Kosovopeltis nebula, paratype OU 5620, x2.8, A broken cranidium; note that
the pronounced marks on the left side of the occipital region are scratches. ...
3. Dorsal view.
4. Anterior view.

Figures 5, 6. Kosovopeltis nebula, specimen OU 5621. A teratological individual. ...
5. Enlargement of part of thorax, x6; note modification of first segment.
6. Dorsal view of entire specimen, x2.9; note that palpebral lobes and rear part
of fixed cheeks are present.

Figure 7. Kosovopeltis nebula, holotype OU 4963A, x3.6. A larger pygidium.

Figure 8. Kosovopeltis nebula, paratype OU 5794B, x3.7, Ventral view of part of pygidium;

shell has been removed from axial region, exposing external mold; shell still present
on doublure.

12

12

12
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Plate 3

Kosovopeltis nebula, new species
Kosovopeltis bypha, new species
Ananaspis guttulus, new species
Amnanaspis communis (Barrande)

Page

Figure 1. Kosovopeltis nebula, paratype OU 4963D, x3.7. Ventral view of pygidium, showing

doublure. 12
Figures 2, 4. Kosovopeltis nebula, paratype OU 4963C, 12

2. Almost flattened pygidium, x3.7.

4. Enlargement of right anterior corner, showing selvage, x7.5.
Figure 3. Kosovopeltis bypha, paratype OU 4964C, x1.5. Internal mold of pygidium, ____.___ 14
Figure 5. Ananaspis guttulus, paratype OU 5647, x8. Ventral view of part of doublure,

showing lateral notches and anterior granulation. 36
Figure 6. Ananaspis guttulus, paratype OU 5648, x8. Dorsolateral view of small specimen,

showing granules of cephalon and thorax; note the small eye. 36
Figures 7, 8. Ananaspis communis (Barrande), specimen MCZ 8492C. 35

7. Ventral view of part of doublure, showing granulation, x9.
8. Lateral view of genal region and part of eye, x3.
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Plate 4

Proetus foculus, new species
Cheirurus infensus, new species

Page
Figures 1-4, 11, 12. Proetus foculus, holotype OU 5610. The best preserved specimen. ........ 15
1-4. Various views, x2.6,
11. Enlargement of lateral part of thorax and pygidium, showing disposition of
terrace lines, x12.
12. Enlargement of right free cheek, showing socle, genal caecae, and border terrace
lines, x9.

Figures 5, 6, 8. Proetus foculus, paratype OU 5611, x2.6. Various views; note shape of the
connective suture on the left side of figure 6, and the edge of the rostral plate exposed
beneath it; markings on free cheek between the eye and border furrows in figure 5 are

scratches.

Figures 7, 9, 10. Proetus foculus, paratype OU 5612. _. e
7, 9. Two views, x2.7.
10. Enlargement of part of pygidium, showing relation between terrace lines and

pleural and interpleural furrows, x6.

Figure 13. Cheirurus infensus, paratype OU 4968B, x2.7. Enlargement of spines on right side
of flattened pygidium to show ornament; perforations on proximal ends of spines prob-
ably secondary. ...

15
15

17
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Plate 5

Cheirurus infensus, new species

Figures 1, 2. Cheirurus infensus, paratype OU 5606, x1.9. Pygidium.

1. Anteroventral view.
2. Ventral view.

Figures 3-5. Cheirurus infensus, paratype OU 4968A, x1.9. Pygidium;
during preparation; left spine reconstructed.

surface mutilated

3. Anterodorsal view,
4. Dorsal view.
5. Dorsolateral view.

Figure 6. Cheirurus infensus, paratype QU 5605, x1.4, Anterodorsal view of large thoracic

segment,

Figure 7. Cheirurus infensus, holotype OU 5604, x6, Enlargement of surface of glabella to

show ornament; dark patch at left is glabellar furrow 3p.

Figure 8. Cheirurus infensus, paratype OU 5608B, x4. Posterolateral part of large hypo-
stome, photographed under alcohol, showing macula and distribution of dark patches

in shell.

Figures 9-12. Cheirurus infensus, paratype OU 5608C. Hypostome.

9. Ventral view; both wings broken off on left side; x2.8.
10. Dorsal view, x2.8.
11, Lateral view, x2.8.
12. Enlargement of right side of figure 10, x5.6; dark patches are the same as those

of figure 8.

Page
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Plate 6

Cheirurus infensus, new species

Page

Figure 1. Cheirurus infensus, paratype OU 5608A, x1.4. Part of cranidium. ... 17
Figures 2-7. Cheirurus infensus, holotype OU 5604, all x1.4, except figure 3. Surface of

pygidium and right side of thorax mutilated with scratches. 17

2. Lateral view.

3. Enlargement of left free cheek, x6; photograph oriented with anterior to bottom

right.

4. Posterodorsal view.

5. Ventral view.

6. Anterior view; note rostral plate.

7. Dorsal view.
Figure 8. Cheirurus infensus, paratype USNM 153145, x6, Enlargement of genal spine. (Same

specimen illustrated on pl. 7, figs. 1, 2.) 17
Figures 9, 10. Cheirurus infensus, paratype OU 5608. Part of thorax, showing direction

of apodemes, shape of articulating furrow, and ornament. ... . 17

9. x1.4.
10. x2.3.
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Plate 7

Cheirurus infensus, new species
Amnasobella asper, new species

Page
Figures 1, 2. Cheirurus infensus, paratype USNM 153145, x1.4. (Same specimen illustrated
on pl. 6, fig. 8.) 17
1. Dorsal view of cranidium and ventral view of broken pygidium; note apodeme-
like structures indicated by black arrows.
2, Left lateral view of cranidium,
Figures 3-6. Anasobella asper, holotype OU 5646. Partly enrolled and distorted specimen. _... 20
3. Anterolateral view, x2.8.
4, Anterolateral view, x2.8.
5, Ventral view, x4.5; pygidium is broken; large perforation indicates tip of
broken median spine; connective sutures are well shown.
6. Ventral view of pygidium, x9.2, showing shape and granulation of spines and

perforation in tip of median spine.

Figures 7-14. Anasobella asper, paratype YPM 24880; figures 7-11, 14 are x2.7; figures
12, 13 are x5.6. Various views of an almost complete but distorted individual; pygidial
spines slightly rounded by wear; note shape of doublure in figure 10. ... 20
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Plate 8

Fragiscutum glebalis, new species

Page
Figures 1-6. Fragiscutumn glebalis, paratype OU 5639. Almost complete individual. ... 21
1-5. Various views, x2.7; note vinculum in figures 1 and 4 and modified tips of
anterior pleurae in figure 5; occipital ring displaced forward in figure 2.
6. Enlargement of figure 3, showing perforations on weathered segments, x5.4.
Figures 7-9. Fragiscutum glebalis, holotype YPM 24881. Best preserved specimen. ________ .. 21
7. Ventral view, x2.7.
8. Dorsal view, x2.7.
9. Posterodorsal view, x4.3.
Figures 10, 11. Fragiscutum glebalis, paratype OU 5638, x2.7. Two views. ... 21
Figure 12. Fragiscutum glebalis, paratype USNM 153146, x2.7. Lateral view of pygidium;
note pleural furrow continued onto facet. 21
Figure 13. Fragiscutum glebalis, specimen OU 5645, x2.7. Ventral view, showing a few
complete apodemes, complete pleural tips on left side, and broken hypostome. ___._._____ 21
Figure 14. Fragiscutum glebalis, paratype OU 5641, x2.7. Ventral view, showing outline
of hypostomal suture, anterior pit below right end of suture. 21
Figure 15, Fragiscutum glebalis, paratype USNM 153147, x2.7. Ventral view of distorted
individual, showing broken occipital, 1p and 2p apodemes, and facial suture cutting
across anterior pit. 21
Figures 16, 17. Fragiscutum glebalis, specimen OU 5649, x8. Hypostome. ... 21
16. Dorsolateral view.
17. Dorsal view.
Figures 18, 19. Fragiscutum glebalis, specimen OU 5642, x2.7. Incomplete pygidium. ___..... 21

18. Dorsal view.
19, Ventrolateral view.
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Plate 9

Calymene clavicula, new species

Page

Figures 1-8. Calymene clavicula, holotype USNM 153142. Individual with disarticulated

left free cheek (figs. 3, 4, 6). 24

1. Ventral view of pygidium, x1.9.

2. Dorsolateral view, x1.4.

3. Internal view of free cheek, x2.8 (see figs. 4, 6).

4. External view of free cheek, x2.8 (see enlargement, fig. 6).

5. . Posterior view, x1.9.

6. Enlargement of external view (fig. 4) of free cheek, x7.5.

7. Anterior view, x1.9.

8. Dorsal view, x1.9,
Figures 9-11. Calymene clavicula, paratype OU 5619, x2.7. Pygidium; note cincture. . __._. 24

9. Posterior view.

10. Anterior view.

11, Lateral view.

Figure 12. Calymene clavicula, paratype USNM 153139, x1.8. Undistorted but fractured
cranidium. 24

Figure 13. Calymene clavicula, paratype OU 5617, x1.8. Anterolateral view, showing facial
suture and border furrows. 24
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Plate 10

Calymene clavicula, new species

Page
Figures 1-4. Calymene clavicula, paratype OU 5618. Various views of hypostome; note
projections on anterior wings; figures 1-3 are x2.8; figure 4 is x5.3. 24

Figures 5-7, 10-12. Calymene clavicula, paratype OU 5613A. Individual (fig. 12) with dis-
articulated hypostome (figs. 5-7) and rostral plate (figs. 7, 10, 11). . 24
5, 6. Lateral and dorsal views of hypostome, x2.8, showing shape of wings; median
spine worn off at tip and on posterior face.

7. -Hypostome and rostral plate oriented as in life, x2.8,

10. Dorsal view of rostral plate, x2.7, showing beveling of edge of doublure and
perforations opening through the inner surface and the face of the rostral
suture.

11. Enlargement of figure 10, x8.

12. Ventral view of individual, x0.9; note shape of connective suture on doublure

on left side and the doublure and panderian notches on the thoracic segments.

Figures 8, 9. Calymene clavicula, holotype USNM 153142, x6. Views of rostral plate, show-

ing scalelike ornament typical also of the outer face of border roll. . 24
8. Posterior view.
9, Ventral view.

Figure 13. Calymene clavicula, specimen OU 5615, x0.9. Ventral view of specimen with
hypostome approximately in position. ___ 24

Figures 14, 15. Calymene clavicula, paratype USNM 153143, x1.4. Distorted individual;
note apodemes and panderian notches; doublure of thoracic segments cracked near the
pleural tips. 24
14, Ventral view.

15. Ventrolateral view.
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Plate 11

Calymene clavicula, new species

Figures 1, 2. Calymene clavicula, paratype OU 5616. .
1. Enlargement of portion of figure 2, x6.
2. Lateral view, x2, showing shapes and ornament of pleurae; note variation in

shape of facets and pleural furrow with position, and absence of panderian
notch on first segment which abuts stop (indicated by arrow) on inner face
of cheek. '

Figure 3. Calymene clavicula, paratype USNM 153140, x1.5. Ventral view. ...
Figures 4, 5. Calymene clavicula, paratype USNM 153144,
4. Ventral view, x1.9; note articulatory furrow between axial furrow and
fulcrum,
5. Anterodorsal view, x1.8,
Figures 6, 7. Calymene clavicula, paratype USNM 153141, Broken cranidium. ...
6. Ventral view, x2.3; note pits for reception of projections of anterior wing of
hypostome (indicated by arrows).
7. Enlargement of a portion of figure 6, x12; note craterlike openings of perfor-
ations.

Figure 8. Calymene clavicula, paratype USNM 153139, x11. Enlargement of external sur-
face; note position of main openings, and smaller openings on larger tubercules. _______.__..

Page
24

24



OKLAHOMA GEOLOGICAL SURVEY BULLETIN 115, PLATE 11




BULLETIN 115, PLATE 12

OKLAHOMA GEOLOGICAL SURVEY




Plate 12

Acernaspis orestes (Billings)
Acernaspis elliptifrons (Esmark)
Eophacops handwerki (Weller)
Eophacops trapeziceps (Barrande)
Eophacops musheni (Salter)

Page
Figures 1-3. Acernaspis orestes, specimen YPM 11313, x2.7, from West Iron River Cliffs,
Anticosti. Previously figured by Delo (1940, pl. 1, figs. 22-24). (Same specimen illus-

trated on pl. 13, fig. 8.) 32
Figures 4, 19. Acernaspis orestes, specimen YPM 24887. _____ 32

4. Ventral view, x2.7.

19. Enlargement of part of figure 4, x13.5, to show granules.

Figure 5. Acernaspis elliptifrons, lectotype Pal. Mus. Oslo 20966, x4. Dorsal view of cepha-
lon; note strong lateral part of furrow 3p. . 32

Figures 6-8. Eophacops handwerki, paratype CNHM 10747, x2.7. An internal mold of a
cephalon; surface texture due to crusting of dolomite crystals. 37

Figures 9-11. Eophacops handwerki, specimen MCZ 8499, x2.7, from Wauwatosa, Wisconsin.

A small internal mold of a cephalon. 37
Figures 12, 13. Eophacops bandwerki, holotype CNHM 10747, ... ... ... 37

12. Dorsal view, x1.8.

13, Dorsolateral view, x2.8.

Figures 14-17. Eophacops trapeziceps, specimen MCZ 8493, from LiStice, Czechoslovakia. ... 37
14-16. Three views, x2.9.
17. Enlargement of figure 16, showing the granulation, x13.5.

Figure 18. Eophacops trapeziceps, specimen MCZ 8494, x2.7, from Liltice, Czechoslovakia.
Pygidium with surface intact. 37

Figure 20. Eophacops musheni, specimen YPM 24890, x2.7, from Dudley, England. Ventral
surface of cephalon. .37
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Plate 13

Ananaspis communis (Barrande)
Acernaspis orestes (Billings)

Figure 1. Ananaspis communis, specimen MCZ 8492A, x6, from Kolednjk, Czechoslovakia.
Pygidium showing details of surface.

Figures 2-4. Amanaspis communis, specimen MCZ 8491, from Kon&prusy, Czechoslovakia,

Cephalon.

2, 3. Two views, x1.9.

4. Enlargement of occipital part of figure 3, x12, showing details of granules and
tubercles.

Figures 5, 6. Ananaspis communis, specimen MCZ 8492B, x2.7, from Kolednjk, Czechoslo-
vakia. Two views of a hypostome. . e

Figure 7. Acernaspis orestes, specimen YPM 24885, x8, from West Iron River Cliffs,
3060/93, Anticosti. Part of a thorax, showing fine granules.

Figure 8. Acernaspis orestes, specimen YPM 11313, x11. Enlargement of glabella shown in
figure 2 of plate 12.

Page
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Plate 14

Amnanaspis guttulus, new species

Figure 1. Ananaspis guttulus, paratype OU 5629, x2.7. Anterolateral view. __.________________ 36

Figure 2. Ananaspis guttulus, paratype OU 5631, x2.7, Dorsolateral view; note incisions
on both front and back of axial rings, and the uninterrupted line of the rear edge

of each ring. 36
Figures 3, 6, 10, 11. Ananaspis guttulus, holotype OU 5626. An almost complete individual. 36
3. Dorsal view, x2.7.
6. Anterior view, x2.7,
10. Lateral view, x2.7.
11, Anterolateral view, approximately x7, showing the large eye and the granu-
lation.
Figures 4, 8. Ananaspis guttulus, paratype OU 5627, x2.7. A pygidivm. . 36
4. Dorsal view.
8. Posterior view.
Figures 5, 7, 9. Ananaspis guttulus, paratype OU 5634, x2.7. Cephalon. ... 36
5. Lateral view.
7. Dorsal view.
9. Ventral view. Apodemes are cut through and show shape in cross section.

Figure 12. Ananaspis guttulus, specimen OU 5650, x4. Anterolateral view, showing the
small eye. 36

Figures 13, 15. Amnanaspis guttulus, paratype OU 5635, x2.7. Note apodemes and faint
course of facial suture across doublure behind notched vinculum; a deep crack is

immediately behind the vincular furrow. 36
13. Posteroventral view,
15. Ventrolateral view; hypostomal suture appears slightly concave because of tilt

of specimen.

Figure 14. Ananaspis guttulus, paratype OU 5636A, x2.7, Well-preserved pygidium, show-
ing large facets. 36
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Plate 15

Phacops latifrons (Bronn)
Phacops rana milleri Stewart

Page
Figures 1, 7. Phacops latifrons, specimen MCZ 3810, probably from the Eifel. Large speci-
men with unusually narrow but continuous furrow Ip. 33
1. Anterior view, x1.3,
7. Dorsal view, x1.5; normal furrow Ip is similar to that shown in figure 8,

Figure 2. Phacops latifrouns, specimen MCZ 8495, x4, from Priim, Germany. Ventral surface
of small specimen, showing terrace lines on doublure and terrace lines passing into
linear granules on hypostome. 33

Figures 3, 4, 8, Phacops rana milleri, specimen MCZ 8497, from Silica, Ohio. ._.

3, Ventral view, x1.9.

4. Anterior view, x2.8.

8. Dorsal view, x1.9.

Figures 5, 6, 10. Phacops rana milleri, specimen MCZ 8498, 33
5. Oblique view, x2, to show position of first three segments against stop during
enrollment.
6. Ventral view, x0.9.°
10. Posteroventral view, x2.75; note terrace lines on doublure and hypostome pass-

ing into linear granules; pit on right anterior wing of hypostome complete, that
on left enlarged; other furrow on left wing the result of preparation.

Figure 9. Phacops latifrons, specimen MCZ 8496, x1.5, from Eifel, Germany. Pygidium and
thoracic segments. 33
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Plate 16

Dalmanites rutellum, new species

This plate illustrates the dimorphism of the pygidium of Dalmanites
rutellum. Specimens of figures 1-4 belong to one type and those of
figures 5-13 to the other. The specimen of figures 2 and 4 represents
one extreme, that of figures 8-11 the other. Ornament on the latter is
characteristic of both types.

Page
Figure 1. Dalmanites rutellum, paratype OU 5623 A, x1.8. Dorsal view. ... 39
Figures 2, 4. Dalmanites rutellum, specimen OU 4965B, x1.8. 39
2. Lateral view.
4. Dorsal view.

Figure 3. Dalmanites rutellum, specimen OU 4965A, x1.9. Dorsal view; caudal spine broken

off. - 39
Figures 5-7. Dulmanites rutellum, paratype OU 4966C, x1.8. ... 39
5. Lateral view.
6. Dorsal view.
7. Posterior view.
Figures 8-11. Dalmanites rutellum, paratype OU 49664, x2.8. 39
8. Lateral view.
9. Posterior view.
10. . Anterodorsal view.
11. Dorsal view.

Figure 12. Dalmanites rutellum, paratype OU 4966B, x2.8. Dorsal view of an internal mold,
showing arrangement of apodemes. . .. ... 39

Figure 13. Dalmanites rutellum, paratype OU 4966D, x2.8. Ventral view, showing doublure
and apodemes. ... 39
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Plate 17

Dalmanites rutellum, new species
Fragiscutum glebalis, new species

Figures 1, 3. Dalmanites rutellum, paratype OU 3632, x1.5,
1. Ventral view; note rostral suture, doublure, and facial suture on left.
3. Oblique view.

Figure 2. Dalmanites rutellum, paratype OU 3630, x2.4, Ventral view; apodemes well
preserved.

Figures 4, 5. Dalmanites rutellum, paratype OU 49604, x2.

4, Dorsal view.
5. Dorsolateral view.
Figures 6, 7. Dalmanites rutellum, paratype OU 4960B, x1.9.
6. Dorsal view,
7. Dorsolateral view.
Figures 8, 9. Dalmanites rutellum, holotype OU 5624, Partial internal mold. ..
8. Dorsal view, x1.4; note muscle markings on anterior of glabella.
9. Anterior view, x1.9,

Figures 10-13. Dalmanites rutellum, paratype OU 5625. Small individual without cephalon;

note variation in ends of thoracic pleurae with position.
10. Dorsolateral view, x2.6.

11. Posterior view, x2.6.

12, Dorsal view, x2.6.

13. Enlargement of first segment of thorax, x6.5.

Figure 14. Fragiscutum glebalis, holotype YPM 24881, x12, Enlargement of anterolateral
view to show ornament, and lenses of eyes where surface is worn AWAY e e

Page
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Plate 18

Dalmanites rutellum, new species
Dudleyaspis desolator, new species

Page

Figure 1. Dalmanites rutellum, specimen OU 4965D, x4. Details of ornament of palpebral
lobe. 39
Figure 2. Dalmanites rutellum, specimen OU 4965C, x3.9. Details of ornament. ... 39

Figure 3. Dalmanites rutellum, paratype OU 3632, x8.5. Details of ornament on doublure
at right end of hypostomal suture, granules to the rear, pits to the front. .. 39

Figure 4. Dalmanites rutellum, paratype OU 4960B, x6.1. Details of ornament of front of

glabella and border. 39
Figures 5-7. Dudleyaspis desolator, holotype OU 5601, x3. 42

5. Anterolateral view.

6. Anterior view.

7. Anterodorsal view.
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Plate 19

Dudleyaspis quinquespinosa (Lake)
Dudleyaspis desolator, new species
Leonaspis sp.

Page
Figures 1, 2. Dudleyaspis quinquespinosa. Dorsal views, x3, of two specimens showing the
wide axis, ornamented thorax and pygidium, long transverse pleural spines, and genal

spines projecting above unmodified pleural spines. 41
1. Specimen MCZ 4625A.
2. Specimen MCZ 4625B.
Figure 3. Dudleyaspis desolator, paratype OU 5602, x3. Cephalon. 42
Figures 4-8. Dudleyaspis desolator, paratype OU 3628. 42
4. Dorsal view, x2.7.

5. Anterolateral view, x4.

6. Anterior view, x2.7.

7. Enlargement, x15, of part of spine fringe.

8. Enlargement, x15, of part of occipital ring and glabella; note four perforations
in occipital node, fine pustules scattered among the larger ones, and single
perforations in the crests of the larger ones.

Figure 9. Leonaspis sp., specimen OU 5609, x2.5. Interior view of free cheek. ... ________ 41
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Carter County 24, 36
Cedarville Dolomite (Ind.) 38

10, 24

Cheiruridae 17-21
Cheirurinae 17-21
Cheirurus 10, 17-20

bimucronatus 19
dilatatus 19
infensus, n. sp.
insignis 17, 19
niagarensis 19, 20
obtusatus 19
patens 19
singularis 19
farquinius 10, 20
welleri 19

Chernysheva, N. E., cited 11

6, 7, 17-20 [4-7]

Chicago Natural History Museum
(CNHM) 6, 11, 38
Chulpaé&, Ivo, cited 34
Churkin, Michael, Jr., cited 10
Clarita Formation 7
Clinton Group (Ohio) 38
collecting localities 6-9
Cooper, G. A. 6
Cordania falcata 7
correlation and age 10-11
trilobites compared with other fau-
nas 6, 7, 10, 11
Cryphops 28
Czechoslovakia 10, 11, 12, 17, 33,
34, 35, 38, 41, 59, 60
Dalmanites 7, 10, 39-41
brevigladiolus 41
buntonensis 7
limulurus 41
linguifer 7
myops 11, 41
oklabomae -7, 41

rutellum, n. sp. 5, 6, 7, 11, 39-41,

[16-18]
stewartae 41
taffi 7

Dalmanitidae 39-41

Dasch, Mrs. M. 6
Decker, C. E., cited 11
Delo, D. M. 32
cited 32, 33, 34, 38, 41, $§9
Destombes, J., cited 38

Devonian 7, 20, 41
Early (Lower) 14, 28, 29, 30, 33,
34, 35, 39 ’
Late (Upper) 28, 30, 34
Middle 24, 30, 34
Dicranurus bamatus 7
Dudleyaspis 6, 11, 41-43
desolator, n. sp. 5, 6, 42-43, [18,
19]
quinquespinosa 43, [19]
Eifelian 33, 34
Emsian 34
Encrinuridae 21-23
Encrinurinae 21-23

Encrinurus tuberculifrons 23
Eophocops 28, 29, 30, 33, 37-39
cerviculata 32
bandwerki 32, 38, [12]
"mancus 32, 38
matheri 32, 38
musheni 32, 38, [12]
nanus 33
pulcher 33
quadrilineatus 33
trapeziceps 32, 38, [12]
Eopbacops? pulchellus 32
Erben, H. K., cited 15
Estonia 10, 32
Etheridge, Robert, Jr., cited 11, 35
Evitt, W. R., 2nd, cited 25, 27
Fletcher, H. O. 6
Fragiscutum 21
glebalis, n. sp. 6, 21-23 (s, 17]
rhytium 21, 22, 23
Gazelle Formation (Calif.) 10
Gedinnian 12
Geological Survey of Canada (GSC)
6, 11

Germany 33, 34, 62

Givetian 34

Glockeria 38

Goldius pompilius 10, 14

Graffham, A. A. 6

Great Britain 10, 11, 24, 27, 32, 34,
35, 37, 38, 39, 41, 59

Gun River Formation (Canada) 32

Haragan Formation 7, 41

Hardwood Mountain Formation (Me.)
17, 21

Harrington, H. J., cited
34, 38

Harvard University 6, 11, 27, 38

Hede, J. Ernhold 6

Henningsmoen, G. 6

cited 17

Henryhouse Formation
20, 21, 41

Holland, C. H., cited 11

Hoplophragma zone (Ohio) 41

Horny, R. J., cited 38

Illaenus band (Australia) 35

Illinois 37, 43

Indiana 38

Irondequoit Formation (N. Y.) 14

Jackson, J. S. 32
Jaeger, Hermann, cited 10
Jupiter Formation (Canada) 32

Kielan, Zofia, cited 15, 34

Klinteberg beds (Gotland) 11, 17

Kloucekia 38

Kopanina beds (Czechoslovakia) 11,
12, 17, 35, 38, 41

Korringa, Mrs. M. 6

17, 28, 30,

5, 6, 10, 12,

Kosovopeltis 6, 10, 11, 12-15
acamus 14
bypha, n. sp. 5, 6, 7, 12, 14-15,
[1, 3]
nebula, n. sp. 5, 6, 7, 11, 12-14,
15 [2, 3]

partschi partschi 12
svobodai 11, 12, 14

Lawson, J. D., cited 11
Le Maitre, Dorothée, cited 34
Leonaspis 7, 41
sp. 5, 41, [19]
williamsi 7
Lilley Member (Ohio) 41
Lindstrém, Gustav, cited 10
Liteh beds (Czechoslovakia) 38
Little Saline Limestone (Mo.) 41
Llandoverian 10, 11, 14, 30, 32,
33, 35
Lochkov beds (Czechoslovakia) 10
Lockport Formation (N. Y.) 41
Ludlovian 10, 11, 12, 14, 15, 17, 21,
27, 30, 35, 37, 38, 41, 42
Lundin, R. F., cited 5, 6

MacClintock, C. 6, 14

Maine 14, 17, 21

Maksimova, Z. A., cited 11, 33, 38
McCoy, Frederick, cited 32
McLaren, D. J. 6
McLearn, F. H., cited
Miraspis sp. ind. 7
Missouri 41
Mitchell, J., cited 11, 35
Monograptus nilssoni 11

32, 38
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Morocco 34, 38

Mulde beds (Gotland) 11, 15

Murray County 6, 15, 17, 21, 39, 41

Museum of Comparative Zoology, Har-
vard University (MCZ) ¢, 11,
27, 28

National Science Foundation 6
Nelson, Katherine ¢
Neoprobolium sp. 7

New York 14, 20, 27, 41

Niagaran dolomites (Ill, Ind.) 27,
37, 43

Nicholas, T. 6

Northrop, S. A., cited 10, 14, 20

Norway 32

Odontochile acuminatus 7

Odontoplenra leonhardi 41

Odontopleuridae 41-43

Odontopleurinae 41-43

Ohio 38, 41, 62

Oklahoma (OU), The University of

LS, 7,11, 24

Opik, A. A, cited 10, 29

Ordovician 20, 23

Late (Upper) 17, 28, 33

Peabody Museum, Yale University
(YPM) 5, 6, 11, 20, 38

Phacopidae  28-39

Phacopidella 30, 38

Phacopidellinae 28, 37-39

Phacopinae 28-37

Phacops 28, 29, 30, 33-35, 38
accipitrinus accipitrinus 34
altaicus 34
breviceps 32, 34
bronni 33
crosslei 35§
deckeri 7
degener 32
elliptifrons 29, 32
erfoudensis 34
fecundus communis 35
fecundus degener 34
fecundus major 34
glockeri 38
granulatus 34
handwerki 37
budsonicus 7
iowensis 34
latifrons 29, 32, [15]
latifrons grzegorzowicensis 34
latigenalis 35
logani 7, 35
macdonaldi 32
major 32

INDEX

Phacops, continued
orestes 32
papulatus 34
primaevus 33
pulchellus 38

rana 32, 34
rana milleri 32, [15]
raymondi 7, 30, 34, 3§

schlotheimi 32, 34
schlotheimi skalensis 34
serratus 35
sobolewi 34
stokesi 3§
frapeziceps 38
typhlagogus 35
Phacops (Portlockia) marklandensis 33
Planiscutellum 14
Poland 34
Pontotoc County 6, 7, 12, 14, 15,
17, 20, 21, 24, 36, 39, 42
Portlockia 29, 32, 38
sublacvis 32, 38
Praguian 33
Prantl, Ferdinand, cited
Prephacopidella 38
Pribyl, Alois, cited 10, 15, 17
Proetidae 15-17
Proetinae 15-17
Proetus 10, 11, 15-17
concinnus 11, 15, 17
conspersus 11, 17
fletcheri 15
foculus, n. sp.
latifrons 15
morinensis 11, 15, 17
plutens 15, 17
protuberans 7
Psendocheirurus 20

10, 17, 38

6, 11, 15-17, [4]

Racine Dolomite (Wis.) 14

Rayford quarry (Murray Co.) 6, 39
Raymond, P. E., cited 19, 20
Reed, F. R. C,, cited 10, 38
Reedops 28, 29, 33

bronni 32, 33

cephalotes 32

sternbergi 32
Richardson, E. S., Jr. 6, 38

cited 41
Richter, Emma, cited 15, 28, 29

Richter, Rudolph, cited 15, 28, 29
Rochester Shale (N. Y.) 20, 27, 41
Ross Brook Formation (Canada) 33
Russia 11, 12, 33, 34

St. Clair Limestone (Ark.)
Salter, J. W., cited

20, 43
10, 29, 32, 35

Schmidt, Friedrich, cited 10

Scutelluidae 12-15

Scutellum rochesterense 14

Shepherd, J. 6

Shirley, Jack, cited

Siegenian 10, 11

Silurtan 6, 7, 10, 11, 17, 19, 20, 24,
30, 33, 39, 41

Simpson, G. G., cited 29

Snajdr, Milan, cited 10, 12, 15

Sneath, P. H. A., cited 24

Sokal, R. R., cited 24

Solle, Gerhard, cited 10

Square Lake (Me.) 14

Stgrmer, Leif 6

Strimple, H. L., cited §

Stubblefield, Sir James 6

Stumm, E. C., cited 34

Sutherland, P. K. 6

24, 27

cited §
Sweden 10, 11, 15, 17
Tennessee 10, 24
trilobites
distribution in Henryhouse Forma-
tion 6-7
relations with Haragan and Clarita
faunas 7-10

Trilobus candatus 39
Tripp, R. P. 6
cited 23
U. S. National Museum (USNM) s,
6, 11, 24
Vanék, J., cited 38
van Ingen, Gilbert, cited
Ventress, W. P. S, cited 5

Waagé, K. M. ¢

Waldron Shale (Ind.) 27

Walmsley, V. G., cited 11

Warburg, E. M., cited 10

Weber, V. N., cited 11

Wedekind, Rudolf, cited 33

Weller, Stuart, cited 43

Wenlock Limestone (England) 24,
27, 41

Wenlockian 10, 11, 12, 14,15, 17, 21,
27, 30, 35, 37, 38, 39, 42

West Point Formation (Canada) 10

Western Union Formation (Ohio) 41

Whittard, W. F., cited 10, 29, 32, 34

Whittington, H. B. 6

cited 7, 11, 14, 15,

38, 41, 42

Wisconsin 12, 14, 59

5, 6, 11, 20, 38

20, 43

17, 25, 27,

Yale University
Zeliszkellinae 38



